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Compounds having formula (I) or a pharmaceutically acceptable salt thereof wherein R| is selected from: (a) hydrogen, (b) loweralkyl, 
(c) alkenyl, (d) alkoxy, (e) thioalkoxy, (0 halogen, (g) haloalkyl, (h) aryl-L2 - and (i) heterocyclic - L3; R 2 is selected from the group 
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substituted imidazolyl; R 4 is selected from hydrogen, lower alkyl, haloalkyl, halogen, aryl, arylakyl, heterocyclic, and (heterocyclic)alkyl; 
and Li is absent or is selected from (a) -U-N(R 4 )-L5-, (b) -L4-O-L5-, (c) -U-S(0)„-L5- t (d) -U-U-C(W)-N(R 5 )-L 5 -, (e) -U-U-SfO)™- 
N(R 7 )-L 5 -, (0 -L4-N(R 7 )-C(W)-L7-L5-. (g) -L4-N(R 7 )-S(0)p-L7-L5-, (h) C2-C 4 -alkylene optionally substituted with 1 or 2 hydroxy groups, 
(i) C2-to-C 4 -alkenylene, and (j) C2-to-C4-alkynylene, are inhibitors of protein isoprcnyl transferases. Also disclosed are protein isoprenyl 
transferase inhibiting compositions and a method of inhibiting protein isoprcnyl transferases. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Faao 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CC 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


C6te d'lvoire 


U 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


DA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


UG 


Uganda 


FI 


Finland 


ML 


Mali 


US 


Untied States of America 


FR 


France 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 97/17070 



PCT/US96/17092 



INHIBITORS OF PROTEIN ISOP RENYL TRANSFFRA <?Fg 

Technical Field 

The present invention relates to novel compounds which are useful in inhibiting 
protein isoprenyl transferases (for example, protein famesyltransferase and protein 
geranylgeranyltransferase) and the famesylation or geranylgeranylation of the oncogene 
protein Ras, compositions containing such compounds and to methods of using such 
compounds. 

Background of thg |nx/anfl ?n 

Ras oncogenes are the most frequently identified activated oncogenes in human 
tumors. Transformed protein Ras is involved in the proliferation of cancer cells. Ras 
must be famesylated before this proliferation can occur. Famesylation of Ras by 
famesyl pyrophosphate (FPP) is effected by protein famesyltransferase. Inhibition of 
protein famesyltransferase and, thereby, of famesylation of the Ras protein, blocks the 
ability of transformed cells to proliferate. Inhibition of protein geranylgeranyltransferase 
and, thereby, of geranylgeranylation of Ras proteins, also results in down regulation of 
Ras protein function. 

Activation of Ras also partially mediates smooth muscle cell proliferation 
(Circulation, 1-3: 88 (1993)). Inhibition of protein isoprenyl transferases and, thereby, of 
famesylation or geranylgeranylation of the Ras protein, also aids in the prevention of 
restenosis following percutaneous transluminal coronary angioplasty. 

Therefore, there is a need for compounds which are inhibitors of protein 
famesyltransferase and protein geranylgeranyltransferase. 
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Summary of the Invention 
In its principal embodiment, the present invention provides compounds of formula 

, R 1 

R 3 - L 

R4 

I 

or a pharmaceutical^ acceptable salt thereof wherein R 1 is selected from the group 
consisting of (a) hydrogen, (b) loweralkyl, (c) alkenyl, (d) alkoxy, (e) thioalkoxy, (f) 
halogen, (g) haloalkyl, (h) aryl - L 2 - wherein Lg is absent or is selected from the group 
consisting of -CH 2 -, -CH 2 CH 2 -, -CH(CH 3 )-, -0-, -S(0) p wherein q is 0, 1 or 2, -N(R)- 
wherein R is hydrogen or loweralkyl, and -C(O)-, and aryl is selected from the group 
consisting of phenyl, naphthyl, tetrahydronaphthyl, indanyl and indenyl and the aryl 
group is unsubstituted or substituted, and (i) heterocyclic - L3 - wherein L 3 is absent or ii 
selected from the group consisting of -CH 2 -, -CH 2 CH 2 -, -CH(CH 3 )-, 
-0-. -S(0) q wherein q is 0, 1 or 2, -N(R)- wherein R is hydrogen or loweralkyl, and 
-C(0)-,and heterocyclic is a monocyclic heterocyclic wherein the heterocyclic is 
unsubstituted or substituted with one, two or three substituents independently selected 
from the group consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, oxo (=0), 
amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl. 
R 2 is selected from the group consisting of 

(a) 

^12a 
Rl2b 

wherein R 12a is hydrogen, loweralkyl or -C(0)OR 13 wherein 
R 13 is hydrogen or a carboxy-protecting group, and R 12b is hydrogen or loweralkyl, with 
the proviso that R 12a and R 12b are not both hydrogen, (b) -C(0)NH-CH(R 14 )-C(0)OR 15 
wherein R 14 is selected from the group consisting of loweralkyl, cycloalkyl, 
cycloalkylalkyl, alkoxyalkyl, thioalkoxyalkyl, hydroxyalkyl, aminoalkyl, carboxyalkyl, 
alkoxycarbonylalkyl, arylalkyl or alkylsulfonylalkyl and R 15 is hydrogen or a carboxy- 
protecting group, 
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(C) 

x 

- C(O) - HN — 

2 ' 13 , (d) -C(0)NH-CH(R 14 )-C(0)NHS0 2 Ri 6 wherein R 14 
is defined above and Ri 6 is selected from lower alkyl, haloalkyl, substituted or 
unsubstituted aryl, substituted or unsubstituted heterocyclic, 

(e) -C(0)NH-CH(R14)-tetrazolyl wherein the tetrazole ring is unsubstituted or substituted 
with lower alkyl or haloalkyl, (0 -C(0)NH-heterocyclic and 

(9) -C(0)NH-CH(R u )-C(0)NR 17 Ri8 wherein R 17 and R18 are independently selected 
from hydrogen and lower alkyl. 

R 3 is pyridyl, substituted pyridyl, imidazolyl, or susbtituted imidazolyl. 

R4 is selected from the group consisting of hydrogen, lower alkyl, haloalkyl, 
halogen, aryl, arylakyl, heterocyclic, and (heterocyclic)alkyl. 

L, is absent or is selected from the group consisting of (a) -U-N(R 4 )-L 5 - wherein 
L 4 is absent or selected from C r to-C 10 -alkylene and C 2 -to-C 10 -alkenylene wherein the 
alkylene group or the alkenylene group is unsubstituted or substituted with one, two, 
three or four substitutents independently selected from (1) loweralkyl, (2) alkenyl, (3) 
hydroxy, (4) amino, (5) N-protected amino, (6) carboxy, (7) alkoxycarbonyl, (8) oxo, (9) 
thioxo, (10) imino, (11) =N-OH, (12) =N-0-loweralkyl, (13) =N-0-aryl, and (14) =N-0- 
heterocyclic wherein the heterocyclic is unsubstituted or substituted with one, two or 
three substituents independently selected from the group consisting of loweralkyl, halo, 
nitro, haloalkyl, oxo, hydroxy, hydroxyalkyl, amino, N-protected amino, alkoxy, and 
thioalkoxy, R 4 is hydrogen or loweralkyl; and L 5 is absent or is selected from, -CH 2 -, 
-CH 2 CH 2 - and -CH(CH 3 )-, (b) -U-0-L 5 - wherein L 4 and L 5 are defined above, 

(c) -U-S(0) n -L s - wherein n is 0, 1 or 2 and U and L 5 are defined above, 

(d) -L 4 -L 6 -C(W)-N(R 5 )-L 5 - wherein U. L 5 and R 5 are defined above , W is O or S, and 
L 6 is absent or is selected from -0-, -S- and -N(R 6 )- wherein R 6 is hydrogen or 
loweralkyl, (e) -U-L 6 -S(0) m -N(R 7 )-L 5 -wherein L 4 , L 5 and Le are defined above, m is 1 
or 2, and R 7 is hydrogen or loweralkyl. (0 -U-N(R 7 )-C(W)-L 7 -L 5 -wherein W, R 7 , L4 
and Le are defined above , and L 7 is absent or is selected from-O- and -S-, 

(g) -L 4 -N(R 7 )-S(0) p -L 7 -L 5 - wherein p is 1 or 2 and U, R7. L 5 and L 7 are defined above, 

(h) C2-C 4 -alkylene optionally substituted with 1 or 2 hydroxy groups, (i) C 2 -to-C 4 - 
alkenylene, and (j) C 2 -to-C 4 -alkynylene. 
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In a further aspect of the present invention are disclosed pharmaceutical 
compositions which comprise a compound of formula I in combination with a 
pharmaceutically acceptable carrier. 

In yet another aspect of the present invention are disclosed pharmaceutical 
compositions which comprise a compound of formula I in combination with another 
chemotherapeutic agent and a pharmaceutically acceptable carrier. 

In yet another aspect of the present invention is disclosed a method for inhibiting 
protein isoprenyl transferases (i.e., protein famesyltransferase and/or 
geranylgeranyltransferase) in a human or lower mammal, comprising administering to 
the patient a therapeutically effective amount of a compound compound of formula I. 

In yet another aspect of the present invention is disclosed a method for inhibiting 
post-translational modification of the oncogenic Ras protein by protein 
famesyltransferase, protein geranylgeranyltransferase or both. 

In yet another aspect of the present invention is disclosed a method for treatment 
of conditions mediated by famesylated or geranylgeranylated proteins, for example, 
treatment of Ras associated tumors in humans and other mammals. 

In yet another aspect of the present invention is disclosed a method for inhibiting 
or treating cancer in a human or lower mammal, comprising administering to the patient 
a therapeutically effective amount of a compound of the invention alone or in 
combination with another chemotherapeutic agent 

In yet another aspect of the present invention is disclosed a method for treating or 
preventing restenosis in a human or lower mammal, comprising administering to the 
patient a therapeutically effective amount of a compound of the invention. 

The compounds of the invention can comprise asymmetrically substituted carbon 
atoms. As a result, all stereoisomers of the compounds of the invention are meant to be 
included in the invention, including racemic mixtures, mixtures of diastereomers, as well 
as single diastereomers of the compounds of the invention. The terms "S" and "R" 
configuration, as used herein, are as defined by the IUPAC 1974 Recommendations for 
Section E, Fundamental Stereochemistry, Pure Appl. Chem. (1976) 45, 13-30. 

Detailed Description 

Definitions of Terms 
As used herein the terms "Cys", "Glu", "Leu", "Lys", "Met", "nor-Leu". 
"nor-Val", "Phe", 'Sef and "Val" refer to cysteine, glutamine. leucine, lysine, 
methionine, nor-leucine, nor-valine, phenylalanine, serine and valine in their L-, D- or DL 
forms. In general, unless otherwise specified, as used herein these amino acids are in 
their naturally occuring L- form. 
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The term "carboxy protecting group" as used herein refers to a carboxyiic acid 
protecting ester group employed to block or protect the carboxyiic acid functionality 
while the reactions involving other functional sites of the compound are carried out. 
Carboxy protecting groups are disclosed in Greene, "Protective Groups in Organic 
Synthesis" pp. 152-186 (1981), which is hereby incorporated herein by reference. In 
addition, a carboxy protecting group can be used as a prodrug whereby the carboxy 
protecting group can be readily cleaved in vivo , for example by enzymatic hydrolysis, to 
release the biologically active parent. T. Higuchi and V. Stella provide a thorough 
discussion of the prodrug concept in "Pro-drugs as Novel Delivery Systems", Vol 14 of 
the A.C.S. Symposium Series, American Chemical Society (1975), which is hereby 
incorporated herein by reference. Such carboxy protecting groups are well known to 
those skilled in the art, having been extensively used in the protection of carboxyl 
groups in the penicillin and cephalosporin fields, as described in U.S. Pat. No. 3,840,556 
and 3,719,667, the disclosures of which are hereby incorporated herein by reference. 
Examples of esters useful as prodrugs for compounds containing carboxyl groups can 
be found on pages 14-21 of "Bioreversible Carriers in Drug Design: Theory and 
Application", edited by E.B. Roche, Pergamon Press, New York (1987), which is hereby 
incorporated herein by reference. Representative carboxy protecting groups are Ci to 
C 8 loweralkyl (e.g., methyl, ethyl or tertiary butyl and the like); arylalkyl, for example, 
phenethyl or benzyl and substituted derivatives thereof such as alkoxybenzyl or 
nitrobenzyl groups and the like; arylalkenyl, for example, phenylethenyl and the like; aryl 
and substituted derivatives thereof, for example. 5-indanyl and the like; dialkylaminoalkyl 
(e.g., dimethylaminoethyl and the like); alkanoyloxyalkyl groups such as acetoxymethyl, 
butyryloxymethyl, valeryloxymethyl, isobutyryloxymethyl, isovaleryloxymethyl, 1- 
(propionyloxy)-l -ethyl, 1 -(pivaloyloxyl)-l -ethyl, 1 -methyl-1 -(propionyloxy)-l -ethyl, 
pivaloyloxymethyl, propionyloxymethyl and the like; cycloalkanoyloxyalkyl groups such 
as cyclopropylcarbonyloxymethyl, cyclobutylcarbonyloxymethyl, 
cyclopentylcarbonyloxymethyl, cyclohexylcarbonyloxymethyl and the like; aroyloxyalkyl, 
such as benzoyloxymethyl, benzoyloxyethyl and the like; arylalkylcarbonyloxyalkyl, such 
as benzylcarbonyloxymethyl, 2-benzylcarbonyloxyethyl and the like; alkoxycarbonylalkyl 
or cycloalkyloxycarbonylalkyl, such as methoxycarbonylmethyl. 
cyclohexyloxycarbonylmethyl, 1-methoxycarbonyl-1 -ethyl, and the like; 
alkoxycarbonyloxyalkyl or cycloalkyloxycarbonyloxyalkyl, such as 
methoxycarbonyloxymethyl, t-butyloxycarbonyloxymethyl, 1 -ethoxycarbonyloxy- 1 -ethyl, 
1 -cyclohexyloxycarbonyloxy-1 -ethyl and the like; aryloxycarbonyloxyalkyl, such as 2- 
(phenoxycarbonyloxy)ethyl, 2-(5-indanyloxycarbonyloxy)ethyi and the like; 
alkoxyalkylcarbonyloxyalkyl, such as 2-(1-methoxy-2-methylpropan-2-oyloxy)ethyl and 
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like; arylalkyloxycarbonyloxyalkyl, such as 2-(benzyloxycarbonyloxy)ethyI and the like; 
arylalkenyloxycarbonyloxyalkyl, such as 2-(3-phenylpropen-2-yloxycarbonyloxy)ethyl 
and the like; alkoxycarbonylaminoalkyl, such as t-butyloxycarbonylaminomethyl and the 
like; alkylammocarbonylaminoalkyl, such as methylaminocarbonylaminomethyl and the 
like; alkanoylaminoalkyl, such as acetylaminomethyl and the like; 
heterocycliccarbonyloxyalkyl, such as 4-methylpipera2inylcarbonyloxymethyl and the 
like; dialkylaminocarbonylalkyl, such as dimethylaminocarbony (methyl, 
diethylaminocarbonylmethyl and the like; (5-(loweralkyl)-2-oxo-1 f 3-dioxolen-4-yl)alkyl t 
such as (5-t-butyl-2-oxo-1,3-dioxolen^-yl)methyl and the like; and (5-phenyi-2-oxo-1,3- 
dioxolen-4-yl)alkyl t such as (5-phenyl-2-oxo-1 f 3-dioxolen-4-yl)methyl and the like. 

Preferred carboxy-protected compounds of the invention are compounds wherein 
the protected carboxy group is a loweralkyl, cycloalkyl or arylalkyl ester, for example, 
methyl ester, ethyl ester, propyl ester, isopropyl ester, butyl ester, sec-butyl ester, 
isobutyl ester, amyl ester, isoamyl ester, octyl ester, cyclohexyl ester, phenylethyl ester 
and the like or an alkanoyloxyalkyl, cycloalkanoyloxyalkyl, aroyloxyalkyl or an 
arylalkylcarbonyloxyalkyl ester. 

The term u N-protecting group" or "N-protected" as used herein refers to those 
groups intended to protect the N-terminus of an amino acid or peptide or to protect an 
amino group against undersirable reactions during synthetic procedures. Commonly 
used N-protecting groups are disclosed in Greene, "Protective Groups In Organic 
Synthesis," (John Wiley & Sons, New York (1981)), which is hereby incorporated herein 
by reference. N-protecting groups comprise acyl groups such as formyl, acetyl, 
propionyl, pivaloyl, t-butylacetyl, 2-chIoroacetyI, 2-bromoacetyl, trifluoroacetyl, 
trichloroacetyl, phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-chlorobenzoyl, 
4-bromobenzoyl, 4-nitrobenzoyl, and the like; sulfonyl groups such as benzenesulfonyl, 
p-toluenesulfonyl and the like; carbamate forming groups such as benzyloxycarbonyl, p- 
chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, 2- 
nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 3,4-dimethoxybenzyloxycarbonyl, 
3,5-dimethoxybenzyloxycarbonyl, 2,4-dimethoxybenzyloxycarbonyl, 
4methoxy benzyloxycarbonyl , 

2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3,4,5-trimethoxybenzyloxycarbonyl, 
1 -(p-biphenylyl)-l -methylethoxycarbonyl, a.a-dimethyl-S^-dimethoxybenzyloxycarbonyl, 
benzhydryloxycarbonyl, t-butyloxycarbonyl, diisopropylmethoxycarbonyl, 
isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl, 2,2,2,- 
trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophenoxycarbonyl, fluorenyl-9- 
methoxycarbonyl, cyclopentyloxycarbonyl, adamantyloxycarbonyl, 
cyclohexyloxycarbonyl, phenylthiocarbonyl and the like; alkyl groups such as benzyl, 
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triphenylmethyl, benzyloxymethyl and the like; and silyl groups such as trimethylsilyl and 
the like. Preferred N-protecting groups are formyl, acetyl, benzoyl, pivaloyl, t- 
butylacetyl, phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc) and benzyloxycarbonyl 
(Cbz). 

The term "alkanoyl" as used herein refers to R 29 C(0)- wherein R 29 is a loweralkyl 

group. 

The term "alkanoylaminoalkyl" as used herein refers to a loweralkyl radical to 
which is appended R 71 -NH- wherein R 71 is an alkanoyl group. 

The term "alkanoyloxy" as used herein refers to R 29 C(0)-0- wherein R 29 is a 
loweralkyl group. 

The term "alkanoyloxyalkyl" as used herein refers to a loweralkyl radical to which 
is appended an alkanoyloxy group. 

The term "alkenyl" as used herein refers to a straight or branched chain 
hydrocarbon containing from 2 to 10 carbon atoms and also containing at least one 
carbon-carbon double bond. Examples of alkenyl include -CH=CH 2 , -CH 2 CH=CH 2 , 
-C(CH 3 )=CH 2 , -CH 2 CH=CHCH 3 , and the like. 

The term "alkenylene" as used herein refers to a divalent group derived from a 
straight or branched chain hydrocarbon containing from 2 to 10 carbon atoms and also 
containing at least one carbon-carbon double bond. Examples of alkenylene include 
-CH=CH-, -CH 2 CH=CH-, -C(CH 3 )=CH-, -CH 2 CH=CHCH 2 -, and the like. 

The term "alkoxy" as used herein refers to R 30 O- wherein R^ is loweralkyl as 
defined above. Representative examples of alkoxy groups include methoxy, ethoxy, t- 
butoxy and the like. 

The term "alkoxyalkoxy" as used herein refers to RaiO-R^O- wherein R 31 is 
loweralkyl as defined above and R 32 is an alkylene radical. Representative examples of 
alkoxyalkoxy groups include methoxymethoxy, ethoxymethoxy, t-butoxymethoxy and the 
like. 

The term "alkoxyalkyl" as used herein refers to an alkoxy group as previously 
defined appended to an alkyl group as previously defined. Examples of alkoxyalkyl 
include, but are not limited to, methoxymethyl, methoxyethyl, isopropoxymethyl and the 
like. 

The term "alkoxyalkylcarbonyloxyalkyl" as used herein refers to a loweralkyl 
radical to which is appended R 66 -C(0)-0- wherein Rg 6 is an alkoxyalkyl group. 

The term "alkoxycarbonyl" as used herein refers to an alkoxy group as previously 
defined appended to the parent molecular moiety through a carbonyl group. Examples 
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of alkoxycarbonyl include methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl and the 
like. 

The term "alkoxycarbonylalkyl" as used herein refers to an alkoxylcarbonyl group 
as previously defined appended to a loweralkyl radical. Examples of 
alkoxycarbonylalkyl include methoxycarbonylmethyl, 2-ethoxycarbonylethyl and the like. 

The term "alkoxycarbonylaminoalkyl" as used herein refers to a loweralkyl radical 
to which is appended R 69 -NH- wherein R 69 is an alkoxycarbonyl group. 

The term "alkoxycarbonyloxyalkyl" as used herein refers to a loweralkyl radical to 
which is appended R 63 -0- wherein Rg 3 is an alkoxycarbonyl group. 

The term "alkylamino" as used herein refers to R35NH- wherein R35 is a 
loweralkyl group, for example, methylamino, ethylamino, butylamino, and the like. 

The term "alkylaminoalkyl" as used herein refers a loweralkyl radical to which is 
appended an alkylamino group. 

The term "alkylaminocarbonylaminoalkyl" as used herein refers to a loweralkyl 
radical to which is appended R 70 -C(O)-NH- wherein R 70 is an alkylamino group. 

The term "alkylene" as used herein refers to a divalent group derived from a 
straight or branched chain saturated hydrocarbon having from 1 to 10 carbon atoms by 
the removal of two hydrogen atoms, for example methylene, 1 ,2-ethylene, 1 ,1 -ethylene, 
1 ,3-propylene, 2,2-dimethylpropylene, and the like. 

The term "alkylsulfinyl" as used herein refers to R 33 S(0)- wherein R 33 is a 
loweralkyl group. 

The term "alkylsulfonyl" as used herein refers to R 34 S(0) 2 - wherein R^ is a 
loweralkyl group. 

The term "alkylsulfonylalkyl" as used herein refers to a loweralkyl radical to which 
is appended an alkylsulfonyl group. 

The term "alkynyl" as used herein refers to a straight or branched chain 
hydrocarbon containing from 2 to 10 carbon atoms and also containing at least one 
carbon-carbon triple bond. Examples of alkynyl include -CsCH, -CH 2 CsCH, 
-CH 2 CsCCH 3 , and the like. 

The term "alkynylene" as used herein refers to a divalent group derived from a 
straight or branched chain hydrocarbon containing from 2 to 10 carbon atoms and also 
containing at least one carbon-carbon triple bond. Examples of alkynylene include 
-CsC-, -CH 2 CsC-, -CH 2 CeCCH 2 -, and the like. 

The term "amino" as used herein refers to -NH2. 

The term "aminoalkyl" as used herein refers to a loweralkyl radical to which is 
appended an amino group. 
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The term "aroyloxyalkyl" as used herein refers to a loweralkyl radical to which is 
appended an aroyloxy group (i.e., R 61 -C(0)0- wherein R 61 is an aryl group). 

The term "aryl" as used herein refers to a mono- or bicyclic carbocyclic ring 
system having one or two aromatic rings including, but not limited to, phenyl, naphthyl, 
tetrahydronaphthyl, indanyl, indenyl and the like. Aryl groups (including bicyclic aryl 
groups) can be unsubstituted or substituted with one, two or three substituents 
independently selected from loweralkyl, haloalkyl, alkoxy, thioalkoxy. amino, alkylamino, 
dialkylamino, hydroxy, halo, mercapto, nitro, cyano, carboxaldehyde, carboxy, 
alkoxycarbonyl, haloalkyl-C(0)-NH-, haloalkenyl-C(0)-NH- and carboxamide. In 
addition, substituted aryl groups include tetrafluorophenyl and pentafluorophenyl. 

The term "arylalkenyl" as used herein refers to an alkenyl radical to which is 
appended an aryl group. 

The term "arylalkenyloxycarbonyloxyalkyl" as used herein refers to a loweralkyl 
radical to which is appended R 68 -0-C(0)-0- wherein Rgg is an arylalkenyl group. 

The term "arylalkyl" as used herein refers to a loweralkyl radical to which is 
appended an aryl group. Representative arylalkyl groups include benzyl, phenylethyl, 
hydroxybenzyl, fluorobenzyl, fluorophenylethyl and the like. 

The term "arylalkylcarbonyloxyalkyl" as used herein refers to a loweralkyl radical 
to which is appended an arylalkylcarbonyloxy group (i.e., R 62 C(0)O wherein R 62 is an 
arylalkyl group). 

The term "arylalkyloxycarbonyloxyalkyl" as used herein refers to a loweralkyl 
radical to which is appended R 67 -0-C(0)-0- wherein Rg 7 is an arylalkyl group. 

The term "aryloxyalkyl" as used herein refers to a loweralkyl radical to which is 
appended R 65 -0- wherein R 65 is an aryl group. 

The term "aryloxythioalkoxyalkyl" as used herein refers to a loweralkyl radical to 
which is appended R 75 -S- wherein R 75 is an aryloxyalkyl group. 

The term "aryloxycarbonyloxyalkyl" as used herein refers to a loweralkyl radical to 
which is appended R 65 -0-C(0)-0- wherein Rg 5 is an aryl group. 

The term "arylsulfonyl" as used herein refers to R 36 S(0) 2 - wherein R 36 is an aryl 

group. 

The term "arylsulfonyloxy" as used herein refers to R 37 S(0) 2 0- wherein R 37 is an 
aryl group. 

The term "carboxyalkyl" as used herein refers to a loweralkyl radical to which is 
appended a carboxy (-COOH) group. 

The term "carboxaldehyde" as used herein refers to the group -C(0)H. 
The term "carboxamide" as used herein refers to the group -C(0)NH 2 . 
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The term "cyanoalkyl" as used herein refers to a loweralkyl radical to which is 
appended a cyano (-CN) group. 

The term "cycloalkanoylalkyl" as used herein refers to a loweralkyl radical to 
which is appended a cycloalkanoyl group (i.e., ReQ-CfO)- wherein R 60 is a cycloalkyl 
group). 

The term "cycloalkenyl" as used herein refers to an alicyclic group comprising 
from 3 to 10 carbon atoms and containing a carbon-carbon double bond including, but 
not limited to, cyclopentenyl, cyclohexenyl and the like. 

The term "cycloalkyl" as used herein refers to an alicyclic group comprising from 
3 to 10 carbon atoms including, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, norbornyl, adamantyl and the like. 

The term "cycloalkylalkyl" as used herein refers to a loweralkyl radical to which is 
appended a cycloalkyl group. Representative examples of cycloalkylalkyl include 
cyciopropylmethyl, cyclohexylmethyl, 
2-(cyclopropyi)ethyl, adamantylmethyl and the like. 

The term "cycloalkyloxycarbonyloxyalkyl" as used herein refers to a loweralkyl 
radical to which is appended R^-O-CfCO-O- wherein R^ is a cycloalkyl group. 

The term "dialkoxyalkyl" as used herein refers to a loweralkyl radical to which is 
appended two alkoxy groups. 

The term "dialkylamino" as used herein refers to R38R39N- wherein R 38 and R39 
are independently selected from loweralkyl, for example dimethylamino, diethylamino, 
methyl propylamine and the like. 

The term "dialkylaminoalkyl" as used herein refers to a loweralkyl radical to which 
is appended a dialkylamino group. 

The term "dialkyaminocarbonylalkyl" as used herein refers to a loweralkyl radical 
to which is appended R 73 -C(0)- wherein R 73 is a dialkylamino group. 

The term "dioxoalkyl" as used herein refers to a loweralkyl radical which is 
substituted with two oxo (=0) groups. 

The term "dithioalkoxyalkyl" as used herein refers to a loweralkyl radical to which 
is appended two thioalkoxy groups. 

The term "halogen" or "halo" as used herein refers to I, Br, CI or F. 

The term "haloalkenyl" as used herein refers to an alkenyl radical, as defined 
above, bearing at least one halogen substituent. 

The term "haloalkyl" as used herein refers to a lower alkyl radical, as defined 
above, bearing at least one halogen substituent, for example, chloromethyl, fluoroethyl 
or trifluoromethyl and the like. 
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The term "heterocyclic ring" or "heterocyclic" or "heterocycle" as used herein 
refers to a 5-, 6- or 7-membered ring containing one, two or three heteroatoms 
independently selected from the group consisting of nitrogen, oxygen and sulfur or a 5- 
membered ring containing 4 nitrogen atoms; and includes a 5-, 6- or 7-membered ring 
containing one, two or three nitrogen atoms; one oxygen atom; one sulfur atom; one 
nitrogen and one sulfur atom; one nitrogen and one oxygen atom; two oxygen atoms in 
non-adjacent positions; one oxygen and one sulfur atom in non-adjacent positions; two 
sulfur atoms in non-adjacent positions; two sulfur atoms in adjacent positions and one 
nitrogen atom; two adjacent nitrogen atoms and one sulfur atom; two non-adjacent 
nitrogen atoms and one sulfur atom; two non-adjacent nitrogen atoms and one oxygen 
atom. The 5-membered ring has 0-2 double bonds and the 6- and 7-membered rings 
have 0-3 double bonds. The term "heterocyclic" also includes bicyclic, tricyclic and 
tetracyclic groups in which any of the above heterocyclic rings is fused to one or two 
rings independently selected from the group consisting of an aryl ring, a cyclohexane 
ring, a cyclohexene ring, a cyclopentane ring, a cyclopentene ring and another 
monocyclic heterocyclic ring (for example, indolyl, quinolyl, isoquinolyl, 
tetrahydroquinolyl, benzofuryl or benzothienyl and the like). Heterocyclics include: 
pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, imidazolyl, 
imidazolinyl, imidazolidinyl, pyridyl, piperidinyl, homopiperidinyl, pyrazinyl, piperazinyl, 
pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl, isoxazolidinyl, morpholinyl, 
thiomorpholinyl, thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, indolyl, quinolinyl, 
isoquinolinyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, furyl, thienyl, thiazolidinyl, 
isothiazolyl, triazolyl, tetrazolyl, oxadiazolyl, thiadiazolyl, pyrimidyl, tetrahydrofuranyl, 
dihydrofuranyl, tetrahydrothienyl, dihydrothienyl, dihydroindolyl, tetrahydroquinolyl, 
tetrahydroisoquinolyl, pyranyl, dihydropyranyl, dithiazolyl, benzofuranyl and 
benzothienyl. Heterocyclics also include bridged bicyclic groups wherein a monocyclic 
heterocyclic group is bridged by an alkylene group, for example, 




H and the like. 
Heterocyclics also include compounds of the formula 
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wherein X* is -CH2-, -CH 2 0- or -O- and Y* is -C(O)- or -(C(R") 2 ) V - 
wherein R" is hydrogen or Ci-C4-alkyl and v is 1 , 2 or 3 such as 1 ,3-benzodioxolyl, 1 ,4- 
benzodioxanyl and the like. 

Heterocyclics can be unsubstituted or substituted. In the context of a 
heterocycle, the term "substituted" means a heterocyle substituted with one, two, three, 
four or five substituents independently selected from the group consisting of 
a) hydroxy, b) -SH, c) halo, d) oxo (=0), e) thioxo (=S), f) amino.g) -NHOH, h) 
alkylamino, i) dialkylamino, j) alkoxy, k) alkoxyalkoxy, I) haloalkyl, m) hydroxyalkyl, n) 
alkoxyalkyl, o) cycloalkyl which is unsubstituted or substituted with one, two, three or 
four loweralkyl groups, p) cycloalkenyl which is unsubstituted or substituted with one, 
two, three or four loweralkyl groups, q) alkenyl, r) alkynyl, s) aryl, t) arylalkyl, u) -COOH, 
v) -SO3H, w) loweralkyl, x) alkoxycarbonyl, y) -C(0)NH 2 , z) -C(S)NH 2 , aa) -C(=N- 
OH)NH 2 , bb) aryl-L 16 -C(0)- wherein L 16 is an alkenylene radical, cc) -S-L^-CfOJOR^ 
wherein L 17 is an alkylene radical which is unsubstituted or substituted with one or two 

substitutents independently selected from the group consisting of alkanoyl, oxo (=0) or 
methinylamino (=CHNR 41 R 42 wherein R 41 is hydrogen or loweralkyl and R 42 is 
loweralkyl) and R 40 is hydrogen or a carboxy-protecting group, dd) -S-L^-CfOJNR^R^ 
wherein L 18 is an alkylene radical which is unsubstituted or substituted with one or two 

substitutents independently selected from the group consisting of alkanoyl, oxo (=0) or 
methinylamino (=CHNR 41 R 42 wherein R 41 is hydrogen or loweralkyl and R 43 and 

R^ are independently selected from the group consisting of hydrogen, 
loweralkyl and aryl, ee) -S-L 19 -CN wherein L 19 is an alkylene radical, ff) -S-L 20 -R 45 
wherein l_2 0 is absent or is an alkylene radical or an alkenylene radical or an alkynylene 
radical wherein the alkylene, alkenylene or alkynylene radical is unsubstituted or 
substituted with oxo (=0) and R 45 is hydrogen, aryl, arylalkyl or heterocyclic wherein the 
heterocyclic is unsubstituted or substituted with one, two or three substituents 
independently selected from the group consisting of loweralkyl, hydroxy, hydroxyalkyl, 
halo, nitro, oxo (=0), amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl, gg) 
-0-1-21 -R45 wherein L 21 is absent or is an alkylene radical or an alkenylene radical or an 
alkynylene radical wherein the alkylene, alkenylene or alkynylene radical is 
unsubstituted or substituted with one or two substitutents independently selected from 
the group consisting of alkanoyl, oxo (=0) or methinylamino (=CHNR 41 R 42 wherein R 41 
is hydrogen or loweralkyl and R^ is hydrogen, aryl, arylalkyl or heterocyclic wherein the 
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heterocyclic is unsubstituted or substituted with one, two or three substituents 
independently selected from the group consisting of loweralkyl, hydroxy, hydroxyalkyl, 
halo, nitro, oxo (=0), amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl, hh) 
-0-S(0) 2 -R 47 wherein R 47 is aryl, arylalkyl, heterocyclic or heterocyclicalkyl wherein 
the heterocyclic is unsubstituted or substituted with one, two or three substituents 
independently selected from the group consisting of loweralkyl, hydroxy, hydroxyalkyl, 
halo, nitro, oxo (=0), amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl, ii) 
-S(0) 2 -NH-R 48 wherein is aryl, arylalkyl, heterocyclic or heterocyclicalkyl wherein 
the heterocyclic is unsubstituted or substituted with one, two or three substituents 
independently selected from the group consisting of loweralkyl, hydroxy, hydroxyalkyl, 
halo, nitro, oxo (=0), amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl, 
jj) alkylsufinyl, kk) alkylsufonyl, II) arylsulfonyl, mm) arylsulfonyloxy, nn) 
-C(=NOR 49 )C(O)OR5 0 wherein R 49 is hydrogen or loweralkyl and R 50 is hydrogen or a 
carboxy-protecting group, oo) alkoxycarbonylalkyl, pp) carboxyalkyl, qq) cyanoalkyl, rr) 
alkylaminoalkyl, ss) N-protected alkylaminoalkyl, tt) dialkylaminoalkyl, uu) dioxoalkyl, w) 
loweralkyl-C(O)-, ww) loweralkyl-C(S)-, xx) aryl-C(O)-, yy) aryl-C(S)-, zz) loweralkyl- 
C(0)-0-, aaa) loweralkyl-S-C(S)- bbb) N-protected amino, ccc) aminoalkyl-C(O)-, ddd) 
N-protected aminoalkyl-C(O)- eee) aminoalkyl-C(S)-, fff) N-protected aminoalkyl-C(S)-, 
ggg) aminoalkyl, hhh) N-protected aminoalkyl, iii) formyl, jjj) cyano, kkk) nitro, III) 
spiroalkyl, mmm) oxoalkyloxy, nnn) Rgg-L^- wherein is alkenylene or alkynylene 
and R 53 is aryl or heterocyclic wherein the heterocyclic is unsubstituted or substituted 
with one, two or three substituents independently selected from the group consisting of 
loweralkyl, hydroxy, hydroxyalkyl. halo, nitro, oxo (=0), amino, N-protected amino, 
alkoxy, thioalkoxy and haloalkyl, ooo) aryl-NH-C(O)-, ppp) R 54 -N=N- wherein R 54 is aryl 
or heterocyclic wherein the heterocyclic is unsubstituted or substituted with one, two or 
three substituents independently selected from the group consisting of loweralkyl, 
hydroxy, hydroxyalkyl, halo, nitro, oxo (=0), amino, N-protected amino, alkoxy, 
thioalkoxy and haloalkyl, qqq) =N-R 55 wherein R S5 is hydrogen, aryl, heterocyclic, 
-S(0) 2 -aryl or -S(0) 2 -heterocyclic wherein the heterocyclic is unsubstituted or 

substituted with one, two or three substituents independently selected from the 
group consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, oxo (=0), amino, 
N-protected amino, alkoxy, thioalkoxy and haloalkyl, rrr) diarylalkyl-N=N-, sss) aryl- 
N ( R 56)" or arylalkyl-N(R 56 )- wherein R^ is hydrogen or an N-protecting group, ttt) 
arylsulfonylalkyl. uuu) heterocyclicsulfonylalkyl wherein the heterocyclic is unsubstituted 
or substituted with one, two or three substituents independently selected from the group 
consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, oxo (=0), amino, N-protected 
amino, alkoxy, thioalkoxy and haloalkyl, vw) =C(CN)(C(0)NH 2 ), www) =C(CN)(C(0)0- 
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loweralkyl), xxx) heterocyclic or heterocyclicalkyl wherein the heterocyclic is 
unsubstituted or substituted with one, two or three substituents independently selected 
from the group consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, oxo (=0), 
amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl, yyy) hydroxythioalkoxy, 
722) aryloxyalkyl, aaaa) aryloxyalkylthioalkoxy, bbbb) dialkoxyalkyl, cccc) 
dithioalkoxyalkyl, dddd) arylalkyl-NH-L 23 - wherein is an alkylene group, 
eeee) heterocyclicalkyl-NH-L^- wherein l_2 4 is an alkylene group, ffff) aryl-S(0) 2 -NH- 
L 25 - wherein is an alkylene group, gggg) heterocyclic-S(0) 2 -NH-L 26 - wherein is 
an alkylene group, hhhh) aryl-C(0)-NH-L 27 - wherein L 27 is an alkylene group and iiii) 
heterocyclic-C(0)-NH-L2 8 - wherein L 28 is an alkylene group. 

The term "(heterocyclic)alkyl" as used herein refers to a heterocyclic group as 
defined above appended to a loweralkyl radical as defined above. Examples of 
heterocyclic alkyl include 2-pyridylmethyl, 4-pyridylmethyl, 4-quinolinylmethyl and the 
like. 

The term "heterocycliccarbonyloxyalkyl" as used herein refers to a loweralkyl 
radical to which is appended R 72 -C(0)-0- wherein R 72 is a heterocyclic group. 

The term "hydroxyalkyl" as used herein refers to a loweralkyl radical to which is 
appended an hydroxy group. 

The term "hydroxythioalkoxy" as used herein refers to R 51 S- wherein R 51 is a 
hydroxyalkyl group. 

The term "loweralkyl" as used herein refers to branched or straight chain alkyl 
groups comprising one to ten carbon atoms, including methyl, ethyl, propyl, isopropyl, n- 
butyl, t-butyl, neopentyl and the like. 

The term "N-protected alkylaminoalkyl" as used herein refers to an 
alkylaminoalkyl group wherein the nitrogen is N-protected. 

The term "oxoalkyloxy" as used herein refers to an alkoxy radical wherein the 
loweralkyl moiety is substituted with an oxo (=0) group. 

The term "spiroalkyl" as used herein refers to an alkylene diradical, both ends of 
which are bonded to the same carbon atom of the parent group to form a spirocyclic 
group. 

The term "thioalkoxy" as used herein refers to R52S- wherein R 52 is loweralkyl. 
Examples of thioalkoxy include, but are not limited to, methylthio, ethylthio and the like. 

The term "thioalkoxyalkyl" as used herein refers to a thioalkoxy group as 
previously defined appended to a loweralkyl group as previously defined. Examples of 
thioalkoxyalkyl include thiomethoxymethyl, 2-thiomethoxyethyl and the like. 
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Preferred embodiments 
Preferred compounds of the invention are compounds of formula 1 wherein is 
aryl - L 2 - wherein Lg is absent or is selected from -CH 2 - and -0-. and aryl is selected 
from phenyl and naphthyl wherein the aryl group is unsubstituted or substituted. 

More preferred compounds of the invention are compounds of formula I wherein 
is unsubstituted or substituted phenyl and R 2 is -C(0)NH-CH(R 14 )-C(0)OR 15 or 
-C(0)NH-CH(R 14 )-C(0)NHS0 2 Ri6 wherein R 14 R 15 and R 16 are defined above. 

The most preferred compounds of the invention are compounds of formula I 
wherein R, is is unsubstituted or substituted phenyl and R 2 is 

H H h 

\^Nv^C0 2 Ri 5 VyN^C0 2 Ri 5 ^N^cONHSOgR^ 

0 s ° s ° s 

(a) SCH 3 (b) S0 2 CH 3 (c) SCH 3 

H H 
YN v C02H 15 v^N^CONHSOaRte 

o y o y 

(d) 1 ,or(e) 1 



Protein Famesyltransfe rase Inhibition 

The ability of the compounds of the invention to inhibit protein famesyltransferase 
or protein geranylgeranyltransferase can be measured according to the method of 
Moores, et al., J. Biol. Chem. 266: 14603 (1991) or the method of Vogt, et al., J. Biol. 
Chem. 270:660-664 (1995). In addition, procedures for determination of the inhibition of 
famesylation of the oncogene protein Ras are described by Goldstein, et al., J. Biol. 
Chem., 266:15575-15578 (1991) and by Singh in United States Patent No. 5,245,061 . 

In addition, in yjiro. inhibition of protein famesyltransferase may be measured by 
the following procedure. Rat brain protein famesyltransferase activity is measured using 
an Amersham Life Science commercial scintillation proximity assay kit and substituting a 
biotin-K Ras B fragment (biotin-Lys-Lys-Ser-Lys-Thr-Lys-Cys-Val-lle-Met-C0 2 H), 0.1 
final concentration, for the biotin-lamin substrate provided by Amersham. The enzyme is 
purified according to Reiss, Y., et al., Cell, 62: 81-88 (1990), utilizing steps one through 
three. The specific activity of the enzyme is approximately 10 nmol substrate 
famesylated/mg enzyme/hour. The percent inhibition of the famesylation caused by the 
compounds of the invention (at 10 x 10-6 M) compared to an uninhibited control sample 
is evaluated in the same Amersham test system. 
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The %inhibition of protein farnesyltransferase was determined for representative 
compounds of the invention. The results are summarized in Table 1. 



Table 1 

5 In Vitro Potencies of Representative Compounds 
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Additional methods for the measurement of in vitro inhibition of protein 
prenylation (i.e., inhibition of farnesyltransferase or geranygeranyltransferase) are 
described below. 

Assays are performed using the glass fiber filter binding assay procedure with 
either rabbit reticulocyte lysate, or FTase or GGTase I fractions isolated from bovine 
brains using a combination of hydrophobic and DEAE column chromatography 
procedures. Protein substrates are purchased from Panvera Corporation (H-ras for 
FTase, H-ras-CVLL for GGTase I) and the tritium labeled prenyl lipid substrates(FPP or 
GGPP) are obtained from Amersham Life Science. 



3 H-Farnesyldiphosphate (final concentration 0.6 u.M), H-Ras (final concentration 
5.0 jiM), and the test compound (various final concentrations from a stock solution in 
50% DMSO/water; final concentration DMSO < 2%) are mixed in buffer (50 mM HEPES 
(pH 7.5), 30 mM MgCI 2 , 20 mM KCI, 10 hM ZnCI 2 , 5 mM DTT, 0.01% Triton X-100) to 
give a final volume of 50 uL. The mixture is brought to 37 °C, enzyme is added, and the 
reaction is incubated for 30 minutes. 1 mL of 1 M HCI/ethanol is added to stop the 
reaction, the mixture is allowed to stand for 15 minutes at room temperature and then is 
diluted with 2 mL ethanol. The reaction mixture is filtered through a 2.5 cm glass 
microfiber filter from Whatman and washed with four 2 mL portions of ethanol. The 
glass filter is transferred to a scintillation vial and 5 mL scintillation fluid is added. The 
radioisotope retained on the glass fiber filter is counted and this reflects the activity of 
the enzymes. An IC 50 value can be calculated by measuring the activity of the enzyme 
over a suitable range of inhibitor concentrations. 



FTase 



WO 97/17070 



PCT/US96/17092 



19 

GGTass I 

3 H-geranylgeranyldiphosphate (final concentration 0.5 \iM), H-Ras-CVLL (final 
concentration 5.0 u.M), and the test compound (various final concentrations from a stock 
solution in 50% DMSO/water; final concentration DMSO < 2%) are mixed in buffer (50 
mM Tris-HCI (pH 7.2), 30 mM MgCI 2 , 20 mM KCI, 10 \iM ZnCI 2 , 5 mM DTT, 0.01% 
Triton X-100) to give a final volume of 50 ul. The mixture is brought to 37 °C, enzyme 
is added, and the reaction is incubated for 30 minutes. 1 mL of 1 M HCI/ethanol is 
added to stop the reaction, the mixture is allowed to stand for 15 minutes at room 
temperature and then is diluted with 2 mL ethanol. The reaction mixture is filtered 
through a 2.5 cm glass microfiber filter from Whatman and washed with four 2 mL 
portions of ethanol. The glass filter is transferred to a scintillation vial and 5 mL 
scintillation fluid is added. The radioisotope retained on the glass fiber filter is counted 
and this reflects the activity of the enzymes. An IC 50 value can be calculated by 
measuring the activity of the enzyme over a suitable range of inhibitor concentrations. 

In addition, the ability of the compounds of the invention to inhibit prenylation in 
whole cells, inhibit anchorage-independent tumor cell growth and inhibit human tumor 
xenograft in mice can be demonstrated according to the methods described in PCT 
Patent Application No. WO95/25086. published September 21, 1995, which is hereby 
incorporated herein by reference. 

Pharmaceutical Compositions 
The compounds of the present invention can be used in the form of 
pharmaceutical^ acceptable salts derived from inorganic or organic acids. These salts 
include but are not limited to the following: acetate, adipate, alginate, citrate, aspartate, 
benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, 
digluconate, cyclopentanepropionate, dodecylsulfate, ethanesulfonate, 
glucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate, 
hydrochloride, hydrobromide, hydroiodide, 2-hydroxy-ethanesulfonate, lactate, maleate, 
methanesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, 
persulfate, 

3-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, p- 
toluenesulfonate and undecanoate. Also, the basic nitrogen-containing groups can be 
quatemized with such agents as loweralkyl halides (such as methyl, ethyl, propyl, and 
butyl chloride, bromides, and iodides), dialkyl sulfates like dimethyl, diethyl, dibutyl, and 
diamyl sulfates, long chain halides such as decyl, lauryl, myristyl and stearyl chlorides, 
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bromides and iodides, aralkyl halides like benzyl and phenethyl bromides, and others. 
Water or oil-soluble or dispersible products are thereby obtained. 

Examples of acids which may be employed to form pharmaceutical^ acceptable 
acid addition salts include such inorganic acids as hydrochloric acid, sulphuric acid and 
phosphoric acid and such organic acids as oxalic acid, maleic acid, succinic acid and 
citric acid. 

Basic addition salts can be prepared in situ during the final isolation and 
purification of the compounds of formula (l)-(XII), or separately by reacting the carboxylic 
acid function with a suitable base such as the hydroxide, carbonate or bicarbonate of a 
pharmaceutically acceptable metal cation or with ammonia, or an organic primary, 
secondary or tertiary amine. Such pharmaceutically acceptable salts include, but are 
not limited to, cations based on the alkali and alkaline earth metals, such as sodium, 
lithium, potassium, calcium, magnesium, aluminum salts and the like, as well as 
nontoxic ammonium, quaternary ammonium, and amine cations, including, but not 
limited to ammonium, tetramethylammonium, tetraethylammonium, methylamine, 
dimethylamine, trimethylamine, triethylamine, ethylamine, and the like. Other 
representative organic amines useful for the formation of base addition salts include 
diethylamine, ethylenediamine, ethanolamine, diethanolamine, piperazine and the like. 

The compounds of the invention are useful (in humans and other mammals) for 
inhibiting protein isoprenyltransferases (i.e. protein famesyltransferase and/or protein 
geranylgeranyltransferase) and the isoprenylation (i.e., famesylation and/or 
geranylgeranylation) of Ras. These inhibitors of protein isoprenyltransferases are also 
useful for inhibiting or treating cancer in humans and other mammals. Examples of the 
kinds of cancers which may be treated with the compounds of the invention include, but 
are not limited to, carcinomas, such as lung, colorectal, bladder, breast, kidney, ovarian, 
liver, exocrine pancreatic, cervical, esophageal, stomach, and small intestinal; 
sarcomas, such as oesteroma, osteosarcoma, lepoma, liposarcoma, hemanioma, and 
hemangiosarcoma; melanomas, such as amelanotic and melanotic; mixed types of 
cancers such as carcinosarcoma, lymphoid tissue type, follicular reticulum, cell sarcoma 
and Hodgkins disease; and leukemias, such as myeloid, acute lymphoblastic, chronic 
lymphocytic, acute myloblastic and chronic mylocytic. 

The ability of the compounds of the invention to inhibit or treat cancer can be 
demonstrated according to the methods of Mazerska Z., Woynarowska B., Stefanska 
B„ Borowski S., Drugs Exptl. Clin. Res. 13(6), 345-351 (1987); Bissery, MC, Guenard F, 
Guerritte-Voegelein F, Lavelle F.. Cancer Res. 51, 4845-4852 (1991); and Rygaard J, 
and Povlsen C, Acta Pathol. Microbiol. Scand. 77, 758 (1969). 
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These inhibitors of protein isoprenyltransferases are also useful for treating or 
preventing restenosis in humans and other mammals. The ability of the compounds of 
the invention to treat or prevent restenosis can be demonstrated according to the 
methods described by Kranzhofer, R. et al. Circ. Res. Z3: 264-268 (1993), Mitsuka, M. 
etal. Circ. Res. Z3: 269-275 (1993) and Santoian, E.C. et al. Circulation fifi- 11-14 
(1993). 

For use as a chemotherapeutic agent, the total daily dose administered to a host 
in single or divided doses may be in amounts, for example, from 0.01 to 500 mg/kg body 
weight daily, preferably in amounts from 0.1 to 20 mg/kg body weight daily and more 
preferably in amounts from 0.5 to 10 mg/kg body weight daily. Dosage unit 
compositions may contain such amounts of submultiples thereof to make up the daily 
dose. 

For treatment or prevention of restenosis, the total daily dose administered to a 
host in single or divided doses may be in amounts, for example, from 0.001 to 1000 
mg/kg body weight daily and more preferred from 1 .0 to 50 mg/kg body weight daily. 
Dosage unit compositions may contain such amounts of submultiples thereof to make 
up the daily dose. 

The amount of active ingredient that may be combined with the carrier materials 
to produce a single dosage form will vary depending upon the host treated and the 
particular mode of administration. 

It will be understood, however, that the specific dose level for any particular 
patient will depend upon a variety of factors including the activity of the specific 
compound employed, the age, body weight, general health, sex, diet, time of 
administration, route of administration, rate of excretion, drug combination, and the 
severity of the particular disease undergoing therapy. 

The compounds of the present invention may be administered orally, parenterally, 
sublingual^, by inhalation spray, rectally, or topically in dosage unit formulations 
containing conventional nontoxic pharmaceutical^ acceptable carriers, adjuvants, and 
vehicles as desired. Topical administration may also involve the use of transdermal 
administration such as transdermal patches or iontophoresis devices. The term 
parenteral as used herein includes subcutaneous injections, intravenous, intramuscular, 
intrastemal injection, or infusion techniques. 

Injectable preparations, for example, sterile injectable aqueous or oleagenous 
suspensions may be formulated according to the known art using suitable dispersing or 
wetting agents and suspending agents. The sterile injectable preparation may also be a 
sterile injectable solution or suspension in a nontoxic parenterally acceptable diluent or 
solvent, for example, as a solution in 1 ,3-propanediol. Among the acceptable vehicles 



WO 97/17070 




PCT/US96/17092 



22 

and solvents that may be employed are water, Ringer's solution, and isotonic sodium 
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent 
or suspending medium. For this purpose any bland fixed oil may be employed including 
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the 
preparation of injectables. 

Suppositories for rectal administration of the drug can be prepared by mixing the 
drug with a suitable nonirritating excipient such as cocoa butter and polyethylene glycols 
which are solid at ordinary temperatures but liquid at the rectal temperature and will 
therefore melt in the rectum and release the drug. 

Solid dosage forms for oral administration may include capsules, tablets, pills, 
powders, and granules. In such solid dosage forms, the active compound may be 
admixed with at least one inert diluent such as sucrose, lactose, or starch. Such dosage 
forms may also comprise, as is normal practice, additional substances other than inert 
diluents, e.g., lubricating agents such as magnesium stearate. In the case of capsules, 
tablets, and pills, the dosage forms may also comprise buffering agents. Tablets and 
pills can additionally be prepared with enteric coatings. 

Liquid dosage forms for oral administration may include pharmaceutical^ 
acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert 
diluents commonly used in the art, such as water. Such compositions may also 
comprise adjuvants, such as wetting agents, emulsifying and suspending agents, and 
sweetening, flavoring, and perfuming agents. 

The compounds of the present invention can also be administered in the form of 
liposomes. As is known in the art, liposomes are generally derived from phospholipids 
or other lipid substances. Liposomes are formed by mono- or multi-lamellar hydrated 
liquid crystals that are dispersed in an aqueous medium. Any non-toxic, physiologically 
aceptable and metabolizable lipid capable of forming liposomes can be used. The 
present compositions in liposome form can contain, in addition to a compound of the 
present invention, stabilizers, preservatives, excipients, and the like. The preferred 
lipids are the phospholipids and phosphatidyl cholines (lecithins), both natural and 
synthetic. 

Methods to form liposomes are known in the art. See, for example, Prescott, Ed. t 
Methods in Cell Biology . Volume XIV, Academic Press, New York, N.Y. (1976), p. 33 et 
seq. 

While the compounds of the invention can be administered as the sole active 
pharmaceutical agent for the treatment of cancer, they can also be used in combination 
with one or more other chemotherapeutic agents. 
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Representative examples of chemotherapeutic agents are described in Holleb, et 
al.. Clinical Oncology American Cancer Society, United States (1991) p 56 et seq. 
These agents include alkylating agents such as the nitrogen mustards (mechloethamine, 
melphalan, chlorambucil, cyclophosphamide and ifosfamide), nitrosoureas (carmustine, 
lomustine, semustine, streptozocin), alkyl sulfonates (busulfan), triazines (dacarbazine) 
and ethyenimines (thiotepa, hexamethylmelamine); folic acid analogues (methotrexate); 
pyrimidine analogues (5-fluorouracil, cytosine arabinoside); purine analogues (6- 
mercaptopurine, 6-thioguanine); antitumor antibiotics (actinomycin D, the anthracyclines 
(doxorubicin), bleomycin, mitomycin C, methramycin); plant alkaloids such as vinca 
alkaloids (vincristine, vinblastine) and etoposide (VP-16); hormones and hormone 
antagonists (tamoxifen and corticosteroids); and miscellaneous agents (cisplatin, taxol, 
brequinar). 

The above compounds to be employed in combination with the isoprenyl protein 
transferase inhibitor of the invention will be used in therapeutic amounts as indicated in 
the Physicians' Desk Reference (PDR) 47th Edition (1993), which is incorporated herein 
by reference, or such therapeutically useful amounts as would be known to one of 
ordinary skill in the art. 

The compounds of the invention and the other chemotherapeutic agent can be 
administered at the recommended maximum clinical dosage or at lower doses. Dosage 
levels of the active compounds in the compositions of the invention may be varied so as 
to obtain a desired therapeutic response depending on the route of administration, 
severity of the disease and the response of the patient. 

When administered as a combination, the therapeutic agents can be formulated 
as separate compositions which are given at the same time or different times, or the 
therapeutic agents can be given as a single composition. 

Preparation of the Compounds of the Invention 
In general, the compounds of the invention can be prepared by the processes 
illustrated in the following Schemes 1-16. In these general schemes compounds of the 
formula I are used to exemplify the methods, but the methods are intended to be 
applicable to all of the compounds of the invention. 
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SCH E M E 16 




The foregoing may be better understood by reference to the following examples 
which are provided for illustration and not intended to limit the scope of the inventive 
5 concept. 



Compound 1 
r3-(Aminomethyhben7 oyn.Met-QCH 3 

10 

Step A 

r3-rChloromethynben7 o V h.Met-OCH 3 
To a solution of methionine methyl ester hydrochloride (2.0 g, 10 mmol) and 3- 
(chloromethyl)benzoyl chloride (2.08 g, 11 .0 mmol) in methylene chloride (50 mL) was 

15 slowly added triethylamine (3.07 mL, 22.0 mmol) at ice bath temperature for 2 hours. 
The mixture was washed with 0.5 N HCI (50 mL x 2), brine solution (50 mL x 2) and 
water (50 mL x 2). The organic phase was dried over anhydrous MgS0 4 and 
concentrated under reduced pressure. The residue was purified by flash column 
chromatography (30% ethyl acetate in hexanes) to give the desired product (3.03 g) as a 

20 white solid: m.p. 82-83°C; 

1H NMR (CDCI 3 ) 5 7.82 (1 H, s), 7.74 (1H, d, J=7.7 Hz), 7.53 (1H, d, J=7.7 Hz), 7.42 
(1H, t, J=7.7 Hz), 7.06 (1H, brd, J=7.6Hz), 4.92 (1H, ddd, J=7.6, 7.1, 5.1 Hz), 4.59 (2H, 
s), 3.78 (3H, s), 2.58 (2H, t, J=7.1Hz) 2.26 (1H, sm), 2.15 (1H, m), 2.10 (3H, s); 13 C 
NMR (CDCI3) 8 172.59, 166.54, 138.13, 134.25, 131.95, 129.12, 127.42, 126.97, 52.72. 

25 52.14, 45.55, 31.47, 30.12, 15.55. 
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StepB 

f3-fAzidomethvnbenzovh-Mflt.nrH 3 
A suspension of (3-(chloromethyl)benzoyl)-Met-OCH 3 (1.58 g, 5.0 mmol) and 
sodium azide (1 .3 g, 20.0 mmol) in DMSO (40 ml_) was stirred at 80°C for 7 hours. The 
mixture was diluted with methylene chloride (100 mL), washed with brine (70 mL x 2) and 
water (70 mL x 2), and then dried over anhydrous MgS0 4 . The solvent was evaporated 
under reduced pressure to give a yellow residue. Chromatography on silica gel (30% 
ethyl acetate in hexanes) to provide the desired product M.45 g) as a colorless solid- 
m.p. 48-49X; iH NMR (CDCI 3 ) 8 7.78 (2H, m), 7.49 (2H, m). 6.99 (1H, br d, J=7.4 Hz). 
4.49 (1H, ddd, J=7.4, 7.1, 5.2 Hz), 4.42 (2H, s), 3.80 (3H,s), 2.60 (2H, t, J=7.4 Hz), 2.29 
(1H, m), 2.17 (1H, m), 2.12 (3H, s); 13 C NMR (CDCI 3 ) 8 177.50. 166.54, 135.97. 134.06, 
131.18, 128.89, 126.84, 126.71, 54.09, 52.47, 51.95, 31.38, 30.00,15.30. 

StepC 

t3-tAminomethvnbenzoyn-Mftt.Of;n 3 
A suspension of (3-(azidomethyl)benzoyl)-Met-OCH 3 (1.29 g, 4.0 mmol) and 5% 
palladium on carbon (0.2 g) in methanol (40 mL) was stirred under a hydrogen 
atmosphere (1 atm) for two days at room temperature. The catalyst was removed by 
filtration through celite (1.5 g) and the solvent was evaporated in vacuo. The residue 
was washed with water (5 mL x 2) and dried to give the desired product (1 .12 g) as a 
colorless foam. 1 H NMR (CDCI 3 )87.81 (1H, s), 7.68 (1H, d. J=7.4 Hz), 7.45 (1H, d, 
J=6.5 Hz), 7.36 (1H, t, J=7.4 Hz), 4.91 (1H, ddd, J=7.3, 7.1, 5.1 Hz), 3.90 (2H, s), 3.77 
(3H, s), 3.21 (2H, br s), 2.59 (2H, t, J=7A Hz), 2.20 (1H, m), 2.12 (1H, m), 2.09 (3H, s). 

Compound 2 
(4-(Aminomethvnbenzovn.Met-Or,H 3 

The title compound is prepared according to the procedure used to prepare 
Compound 1 but replacing 3-(chloromethyl)benzoyl chloride with 
4-(chloromethyl)benzoyl chloride. 



Compound 3 
(3-Aminoben?oyl)-iy|flt-PCH 3 

The title compound was prepared according to the procedure described in J. Biol. 
Chem. 2fi9 12410-12413 (1994). 
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Compound 4 
(4-Aminoben7oyn-Mftt.nCH a 

Step A 

N-BOC-4-Aminobenzoic acid 
4-Aminobenzoic acid (10 g, 72.9 mmol) was placed into a mixture of dioxane 
(145.8 mL) and 0.5 M NaOH (145.8 mL). The solution was cooled to 0°C and di-t-butyl 
dicarbonate (23.87 g, 109.5 mmol) was added. The reaction mixture was allowed to 
warm to room temperature and stirred overnight. The next day, the dioxane was 
removed, the residue was made acidic and extracted into ethyl acetate. The ethyl 
acetate fractions were combined and washed with 1N HCI to remove any unreacted 
starting material. The solution was dried over Na 2 S0 4 and the solvent was removed in 
vacuo. The crude material was recrystallized from ethyl acetate/hexanes to provide the 
desired product (12.2 g): m.p. 189-190°C; ^H NMR (CD 3 OD) 6 1 .52 (9H, s), 7.49 (2H. d. 
J=8.6 Hz), 7.91 (2H, d, J=8.6 Hz), 9.28 (1 H, s); ™C NMR (CD 3 OD) 8 28.59, 81 .29, 
118.54, 125.30, 131.81, 145.70. 155.00, 169.80; 

Anal. Calc. for C 12 H 15 N0 4 , C: 60.76, H: 6.37, N: 5.90; Found, C: 60.52, H: 6.43, N: 5.83; 
HRMS Calc. for C 12 H 15 N0 4 , 237.0961 , Found. 237.1001. 

StepB 

(N-BQC-4-Aminohenzovll-M e t-OCH 3 
Into a dried, nitrogen filled flask was placed N-BOC-4-aminobenzoic acid (8.77 g, 
36.97 mmol) in dry methylene chloride (148 mL) along with methionine methyl ester 
hydrochloride (8.12 g, 40.66 mmol). This solution was cooled in an ice bath and 
triethylamine (6.7 mL), EDCI (7.80 g, 40.66 mmol) and hydroxybenzotriazole (HOBT, 
5.50 g, 40.66 mmol) were added. The mixture was stirred overnight, diluted with more 
methylene chloride and was extracted three times each with 1 M HCI, 1M NaHC0 3 and 
water. The methylene chloride was dried over MgS0 4 and the solvent was removed in 
vacuo. The resulting solid was recrystallized from ethyl acetate/hexanes to yield the 
desired product (9.72 g): m.p. 184-185°C; 1H NMR (CDCI 3 ) 6 1.53 (9H, s), 2.06-2.18 
(4H, m), 2.23-2.33 (1H, m), 2.59 (2H, t, J=7.6 Hz), 3.80 (3H, s), 4.92 (1H, m), 7.45 (2H 
d, J=8.7 Hz), 7.77 (2H, d, J=8.7 Hz), " C NMR (CDCI 3 ) 6 15.59, 28.34, 30.15, 31 .64, 
52.10, 52.73, 81.20, 117.73, 127.8, 128.33, 141.88, 152.33, 166.50, 172.75; 
Anal. Calc. for C 18 H 26 N 2 0 5 S, C: 56.53, H: 6.85. N: 7.29; Found, C: 56.47, H: 6.86, N: 
7.29; m/z (El) 382 (M). 
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StepC 

f4-Aminoben7Qyn.Mflt.r>Q|-| 3 hydrochloride 
N-BOC-4-aminobenzoyl-Met-OCH 3 (3.53 g, 9.59 mmol) was placed into 
methylene chloride (30-35 mL) and to it was added 3M HCI/Et0 2 (38.4 mL). After 
standing, a white precipitate formed. After two hours the solution was decanted and the 
crystals were collected by centrifugation. The crystals were then washed several times 
with fresh ether and dried overnight on the vacuum pump. Meanwhile, the filtrate was 
left to stand overnight to allow additional product to precipitate. The second fraction was 
washed with ether and dried overnight on the vacuum pump. The total yield of the 
desired product was 2.87 g: m.p. 158-164°C; 'H NMR (CDCI 3 ) 6 2.10 (3H, s), 2.12- 
2.29 (1H, m), 2.52-2.71 (1H, m), 2.59 (2H, t, J=7.6 Hz), 3.75 (3H, s), 4.79 (1H, m), 7.02 
(2H. d, J=8.6 Hz), 7.55 (2H, d, J=8.6 Hz); 13 C NMR (CDCI 3 ) 8 15.23, 31.43, 31.53, 
52.91, 52.43, 124.35, 130.56, 135.31, 135.76, 168.95, 173.87; HRMS Calc. for 
C 13 H 1Q N 2 0 3 S, 282.1038, Found 282.1009. 



Compound 5 
(4-Amino-3- methvlbenzoyn-Met-QCH 3 

Step A 

N-BOC-4-Amino-3.methvlhftn™ic 
4-Amino-3-methylbenzoic acid (5 g, 33.1 mmol) was reacted according to the 
same procedure as that used in the process for preparing N-BOC-4-aminobenzoic acid. 
The resulting orange-brown solid was recrystallized from ethyl acetate and hexanes to 
provide the desired product (4.99 g) as tan prismatic crystals: m.p. 180-182°C; 1H NMR 
(CD 3 OD) 5 1.51 (9h, s), 2.27 (3H, s), 7.66 (1H, d, J=8.1 Hz), 7.79-7.82 (2H, m), 8.32 
(1H. s); 13C NMR (CD30D) 5 17.98. 28.62, 81.47, 123.12, 127.05, 129.14, 130.65, 
132.99, 142.45, 155.33, 168.70; Anal. Calc. forC 13 H 17 N0 4 . C: 62.15, H: 6.82, N: 5.58; 
Found C: 62.07, H: 6.86, N: 5.46; m/z (El) 251; HRMS Calc. for C 13 H 17 N0 4 , 251 .1 158; 
Found, 251.1153. 

StepB 

(N-BOC-4-Amino-3-methvlben20vn.Met.onH3 
N-BOC-4-amino-3-methylbenzoic acid (2.00 g, 7.96 mmol) was reacted with with 
methionine methyl ester hydrochloride (1 .75 g, 8.76 mmol), triethylamine (1 .4 mL), EDCI 
(1.68 g, 8.76 mmol) and hydroxybenzotriazole (HOBT, 1.18 g, 8.76 mmol) in dry 
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methylene chloride (31.8 mL) according to the procedure described for the preparation of 
N-BOC-4-aminobenzoyl)-Met-OCH 3 . The resulting solid was recrystallized from ethyl 
acetate/hexanes to yield the desired product (2.61 g): m.p. 163-165°C; 1 H NMR 
(CDCI 3 ) 6 1.54 (9H, s), 2.06-2.18 (4H, m), 2.23-2.34 (4H, m), 2.59 (2H, t, J=6.8 Hz), 3.80 
(3H, s), 4.92 (1H, m), 6.45 (1H, s), 6.88 (1H, d, J=7.5 Hz), 7.63 (1H, d, J=8.6 Hz), 7.66 
(1H, s), 8.05 (1H, d, J=8.6 Hz); 13C NMR (CDCI 3 ) 8 15.47, 17.61, 28.22, 30.03, 31.55, 
51.93, 52.57, 81.04, 118.73. 125.62, 127.66, 129.54, 139.89, 152.34, 166.58, 172.66. 

StepC 

r4-Amino-3-methylhft nzovn-Met-QnH 3 hydrochloride 
N-BOC-4-Amino-3-methylbenzoyl-Met-OCH 3 (0.99 g, 2.59 mmol) was dissolved in 
methylene chloride (15-20 mL) and precipitated with 3M HCI/Et 2 0 (20.7 mL). A pale 
orange precipitate was obtained, washed with ether and dried overnight on the vacuum 
pump. The total yield of the desired product was 0.83 g: m.p. 157-1 59°C; 1 H NMR 
(CD3OD) 8 2.04 (3H, s), 2.1 1-2.25 (1H, m), 2.47 (3H, s), 2.52-2.68 (3H, m), 3.74 (3H, s), 
4.75-4.80 (1H, m), 7.48 (1H, d, J=8.2 Hz), 7.81 (2H, d, J=8.2 Hz), 7.87 (1H, s); ™C NMR 
(CD3OD) 6 15.23, 17.28. 31.43, 31.51, 52.91, 53.37, 124.41, 127.85, 131.99, 133.63, 
134.14, 135.65, 169.05, 173.84; Anal. Calc. for C 14 H 21 N 2 0 3 S, C: 50.52, H: 6.36, N: 
8.42; Found C: 50.71, H: 6.40, N: 8.34. 



Compound 6 
(4-Amino-3.methoxvbenzoyn.Met.Or:i-l 3 

Step A 

N-BOC-4-Amino-3-methoxvbenzoic acid 
4-Amino-3-methoxybenzoic acid (1 g, 5.98 mmol) was reacted according to the 
same procedure as that used in the process for preparing N-BOC-4-aminobenzoic acid. 
The resulting solid was recrystallized from ethyl acetate and hexanes to provide the 
desired product (1.5 g) as tan crystals: m.p. 176-178°C; 1 H NMR (CD 3 OD) 8 1.52 (9H, 
s), 3.92 (3H, s), 7.56 (1H, s), 7.62 (1H, d. J=8.4Hz). 7.96 (1H, s), 8.03 (1H, d. J=8.4 Hz); 
1 3C NMR (CD3OD) 8 28.53, 56.35, 81.78, 112.01, 118.58, 124.20. 125.76, 133.84, 
149.04, 154.20. 169.60; HRMS Calc. for C 13 H 17 N0 5 , 267.1107; Found, 267.1103. 
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StepB 

fN-BOC-4-Amtno- 3.methoxybenzoyh-Met-QCH 3 
N-BOC-4-amino-3-methoxybenzoic acid (0.35 g, 1.31 mmol) was reacted with with 
methionine methyl ester hydrochloride (0.9 g. 1 .43 mmol) using EDCI according to the 
procedure described for the preparation of (N-BOC-4-aminobenzoyl)-Met-OCHL. 
The resulting solid was recrystallized from ethyl acetate/hexanes to yield the desired 
product (0.36 g): m.p. 163-165°C; 1 H NMR (CDCI 3 ) 8 1.53 (9H, s), 2.09-2.18 (4H, m), 
2.23-2.35 (1H, m), 2.60 (2H, t, J=6.9 Hz), 3.80 (3H, s), 3.93 (3H, s), 4.92 (1H, br s), 6.93 
(1H, d. J=7.6 Hz), 7.25(1H, m), 7.31 (1H, d, J=10.2 Hz), 7.44 (1H, s), 8.15 (1H, d, J=8.5 
Hz); 13C NMR (CDCI 3 ) 8 15.47, 28.23, 30.09, 31.48, 52.06, 52.54, 55.81, 80.82, 98.06, 
109.38. 116.66, 119.31, 131.52. 147.23. 152.31, 166.57. 172.58; m/z (FAB) 413 (M + 1). 

StepC 

(4-Amino-3-methoxvbenzovh-Met-OCH 3 hydrochloride 
N-BOC-4-Amino-3-methoxybenzoyl-Met-OCH 3 (0.71 g, 1.79 mmol) was dissolved 
in methylene chloride (4 mL) and precipitated with 3M HCI/Et 2 0 (12 mL). A reddish 
precipitate was obtained, washed with ether and dried overnight on the vacuum pump. 
The total yield of the desired product was 0.55 g: m.p. 176-177°C; 1 H NMR (CD 3 OD) 8 
2.08 (3H, s), 2.21 (2H, m), 2.61 (2H, m), 3.74 (3H, s), 4.02 (3H, s). 4.79 (1H, m). 7.50 
(1H. d. J=8.2 Hz), 7.57 (1H, d, J=4.1 Hz), 7.67 (1H, s); ™C NMR (CD 3 OD) 8 15.26. 
31.34. 31.42, 52.95. 53.38. 57.12. 112.29. 121.43. 124.57. 124.77. 136.15, 153.67. 
168.79, 173.81. 



Compound 7 
(4-Amino-1 -naphthovn-Met-OCH a 

Step A 

4-Amino-1 -naphthoic flcfl 
4-Amino-1-naphthalenecarbonitrile (1 .5 g, 8.91 mmol) was suspended in a 50% 
KOH solution (18 mL). The heterogeneous solution was heated at reflux for 2-3 days. 
Once the solution became homogeneous and TLC showed no more starting material, the 
deep red solution was cooled and poured over 200 mL of water. The resulting solution 
was then filtered and the desired product was precipitated with concentrated HCI. The 
resulting red crystals were filtered and the filtrate was refiltered to give pink crystals. The 
first fraction of crystals was treated with activated carbon to remove some of the red 
color. A total of 1.51 g of the desired product was obtained: m.p. 169-1 71 °C; 1 H NMR 
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(CD3OD) 56.69 (1H, d, J=6.2 Hz), 7.38-7.43 (1H, m), 7.48-7.54 (1H, m). 8.03 (1H, d. 
J=8.5 Hz), 8.13 (1H, d. J=6.2 Hz), 9.09 (1H, d, J=8.5 Hz); ™C NMR (CD 3 OD) 6 107.39, 
114.61, 122.99, 123.92, 125.21, 127.40, 128.48, 135.04, 151.35, 171.44; HRMS Calc. 
forC 11 H 7 N0 2 , 187.0633; Found, 187.0642. 

5 

SteoB 

N-BOC-4-Amino.l.napfrhr^ ^ 
4-Amino-1 -naphthoic acid (0.86 g, 4.61 mmol) was dissolved in dioxane (9.2 ml_). 

Di-t-butyl dicarbonate (1 .1 1 g, 5.07 mmol) was added and the mixture was stirred 
10 overnight. The reaction mixture was worked up as described above for N-BOC-4- 

aminobenzoic acid to give 0.76 g of the desired product as a reddish pink solid: m.p. 

194-195'C; 1H NMR (CD 3 OD) 8 1.56 (9H, s), 7.53-7.62 (2H, m), 7.79 (1H, d, J=8.1 Hz), 

8.12 (1H, d, J=e.O Hz), 8.22 (1H, d. J=8.18 Hz), 9.02 (1H, d, J=8.9 Hz); 13C NMR 

(CD3OD) 526.68, 81.62, 119.06, 123.40, 124.57, 127.03, 127.37, 128.49. 128.77, 
15 131.89, 133.76. 139.86, 155.95, 170.73; Anal. Calc. for C 17 H 17 N0 4 , C: 66.90, H: 5.96, 

N: 4.88; Found C: 66.49, H: 6.08, N: 4.79; m/z (El), 289; HRMS Calc. for C 16 H 17 N0 4 , 

287.1 158; Found, 287.1 151 . 

StepC 

20 rN-BOC-4-Amino-1-nanhthn V n.Met-OCH 3 

N-BOC-4-Amino-naphthoic acid (0.46 g, 1.60 mmol), methionine methyl ester 
hydrochloride (0.35 g, 1.76 mmol), EDCI (0.43 g, 1.76 mmol), HOBT (0.24 g, 1.76 mmol) 
and triethylamine (0.27 mL) in methylene chloride (6.4 mL) were reacted as described 
above for N-BOC-4-aminobenzoyl-Met-OCH3. After workup and recrystallization from 

25 ethyl acetate hexanes, the desired product (0.44 g) was obtained as pale pink crystals: 
m.p. 13M32°C; ^H NMR (CDCI 3 ) 6 1.57 (9H, s), 2.1 1-2.21 (4H, m), 2.29-2.41 (1H, m), 
2.65 (2H, t, J=7.1 Hz), 3.83 (3H, s), 4.99-5.06 (1H, m), 6.68 (1H, d, J=£.0 Hz), 7.02 (1H, 
s), 7.56-7.59 (2H, m) 7.69 (1H, d, J=7.9 Hz), 7.87-7.90 (1H, m). 8.02 (1H, d, J=7.9 Hz), 
8.44-8.48 (1H, m); 13C NMR (CDCI 3 ) 5 15.56, 28.31, 30.19, 31.65, 52.06, 52.64, 81.17, 

30 115.82, 120.18, 125.79, 126.37, 126.53, 127.18, 131.02, 135.65, 152.93, 169.04, 
172.40; HRMS Calc. for C 22 H 28 N 2 0 5 S, 432.1719; Found, 432.1702; m/z (FAB) 433 
(M+1). 



StepD 
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<4-Amino-1 -naphthovh-Met-QCH 3 hydrochloride 
(N-BOC-4-Amino-1-naphtholyl)-Met-OCH 3 (0.57 g, 1.31 mmol) was deprotected 
with HCI/ether to yield the desired product (0.31 g) as a white solid: m.p. 178-181°C; 1 H 
NMR (CD 3 OD) 62.08-2.16 (4H, m), 2.20-2.30 (1H, m) 2.57-2.75 (2H, m) 3.82 (3H, s), 
4.87-4.91 (1H, m), 7.59 (1H, d, J=7.5 Hz), 7.67 (1H, d, J=7.5 Hz) 7.71-7.80 (2H, m), 8.03 
(1H, dd, J=7.1, 2.0 Hz), 8.35 (1H, dd, J=6.8, 1.8 Hz); ™C NMR (CD 3 OD) 5 15.23, 
31.40, 53.01. 53.33, 119.90, 122.20, 126.15, 127.41,127.77, 129.09, 129.31, 131.50, 
132.33, 135.64, 171 .77, 173.83; m/z (FAB), 369 (M+1). 



Compound 8 
f4-Amino-2-phenvlbenzovh-Met-Or,H 3 

Step A 
4-Nitro-2-Dhenvltoluene 
2-Bromo-4-nitrotoluene (2.16 g, 10.00 mmol) and phenylboric acid (1 .46 g, 12.00 
mmol) were dissolved in anhydrous DMF (25 mL) under nitrogen. To this mixture was 
added Pd(Ph 3 P) 4 (0.58 g, 5%). The mixture was heated at 100°C overnight. The 
solution was poured onto 1N HCI and extracted with Et 2 0. The crude product was 
chromatographed on silica gel using hexanes as eluent. After recrystallization from 
ethanol, the desired product (1.23 g) was obtained as pale orange needles: m.p. 69- 
71 °C; 1H NMR (CDCI 3 ) 5 2.36 (3H, s), 7.29-7.40 (2H, m), 7.41-7.49 (5H, m), 8.07-8.10 
(2H, m); 13 C NMR (CDCI 3 ) 5 20.68, 121.96, 124.51, 127.78, 128.41, 128.83, 131.06, 
139.06. 139.44, 142.97, 143.48, 146.05; Anal. Calc. forC 13 H 11 N0 2 , C: 73.26, H: 5.20, 
N: 6.57; Found. C: 73.10, H: 5.12, N: 6.50; m/z (El) 213; HRMS Calc. for C 13 H 11 N0 2 , 
213.0790; Found, 213.0793. 

SiSp_£ 

4-Nitro-2-Dhenylbanzoift acid 
4-Nitro-2-phenyltoluene (0.5 g, 2.34 mmol) was dissolved in water (4.6 mL) and 
pyridine (2.3 mL). The mixture was heated to reflux and KMn0 4 (1 .85 g, 1 1 .7 mmol) was 
added. The reaction mixture was heated overnight and the solution was filtered and 
washed several times with boiling water. The aqueous solution was made acidic and the 
product was extracted into ethyl acetate. The ethyl acetate solution was dried over 
Na 2 S0 4 and the solvent removed in vacuo to provide the desired product (0.37 g): m.p. 
174-176°C, 1H NMR (CD 3 OD) 8 7.38-7.48 (5H, m), 7.96 (1H, d, J=8.5 Hz), 8.21 (1H, d, 
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J=2.3 Hz), 8.28 (1H, dd, J=8.48, 2.37 Hz); 1 3C NMR (CD 3 OD) 5 122.95, 126.09, 129.27, 
129.42, 129.49, 131.56. 139.26, 140.42, 144.41, 150.17, 170.52; m/z (El) 243 (M). 

StWC 

(4-Nitro-2-Dhenvlbenzovh.Mftt.n^H a 
4-Nitro-2-phenylbenzoic acid (0.3 g, 1.23 mmol), methionine methyl ester 
hydrochloride salt (0.27 g, 1.35 mmol), EDCI (0.26 g, 1.35 mmol), HOBT (0.18 g, 1.35 
mmol) and triethylamine (0.19 mL) in dry methylene chloride (4.9 mL) were reacted 
according the procedure described above for (N-BOC-4-aminobenzoyl)-Met-OCH 3 . After 
recrystallization of the product from ethyl acetate hexanes, the desired product (0.41 g) 
was obtained: m.p. 98-101*C; 1 H NMR (CDCI 3 ) 8 1.62-1.73 (1H, m), 1.79-1.88 (1H, m), 
1.91 (3H, s), 1.99 (2H, t, J=7.2 Hz), 3.59 (3H, s), 4.53 (1H, m), 6.45 (1H, d, J=7.8 Hz), 
7.33-7.40 (5H, m), 7.67 (1H. d, J=8.3 Hz), 8.07-8.12 (2H, m); ™C NMR (CDCI 3 ) 8 14.92, 
29.11, 30.67, 51.51, 52.29, 121.86, 124.74, 128.27, 128.60, 128.69, 129.52, 137.50, 
140.56, 141.02, 148.09, 167.23, 171.23; m/z (FAB), 389 (M+1). 

StepP 

f4-Amino-2-phenvlbenzovn-Mftt.nr,H 3 
(4-Nitro-2-phenylbenzoyl)-Met-OCH 3 (0.35 g, 0.90 mmol) was dissolved in ethyl 
acetate (9.0 mL). To this mixture was added SnCI 2 • 2H 2 0 (1 .02 g, 4.5 mmol) and the 
reaction mixture was heated under nitrogen at reflux for one hour. The mixture was 
poured onto ice, the solution was made basic using NaHC0 3 and the product was 
extracted into ethyl acetate several times (7-8). The ethyl acetate solutions were 
combined, washed with brine and dried over Na 2 S0 4 . The solvent was removed in 
vacuo to the desired product (0.24 g) as a yellow solid: 1 H NMR (CDCI 3 ) 8 1 .58-1 .70 
(1H, m), 1.80-1.92 (1H, m), 1.98 (3H, s), 2.06 (2H, t, J=7.7 Hz), 3.62 (3H, s), 4.00 (2H, br 
s), 4.56-4.63 (1H, m), 5.84 (1H, d, J=7.7 Hz), 6.50 (1H, s), 6.61 (1H, d, J=8.4 Hz) 7.29- 
7.42 (5H, m), 7.58 (1H, d, J=8.3 Hz); 13C NMR (CDCI 3 ) 8 15.02, 29.25. 31.25, 51.57, 
52.15, 113.27, 115.88, 123.52, 127.56. 128.37. 128.44. 130.92, 140.66, 141.44, 148.53, 
168.58, 171.91. 



Compound Q 
(4-Amino-2-f2-thie nvnben2oyn.M6t-QCH 3 

The title compound can be prepared according to the method used to prepare 
Compound 8, only substituting thiophene-2-boronic acid for phenyl boronic acid. 
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Compound 10 
(4-Amino-2-n-naDhth V hben2oy n-Met-QCH 3 

The title compound can be prepared according to the method used to prepare 
Compound 8, only substituting 1 -naphthylboronic acid for phenylboronic acid. 



Compound 1 1 

4-Amino-3 , -methylbinhftnyl 

The title compound was prepared by Suzuki coupling of 1 -bromo-4-nitrobenzene 
and 1-bromo-3-methylbenzene. 



Compound 12 
4-Amino-4'-biphenyl carboxvlic acid 

Step A 

4»Nitro-4'-methvlbiphenyl 
The title compound was prepared by Suzuki coupling of 1-bromo-4-nitrobenzene 
and 1-bromo-4-methylbenzene. 

3jtep_B 

4>Nitro-4'-biphenvl carb oxylic acid 
The title compound was prepared by KMn0 4 oxidation of 4-nitro-4'- 
methylbiphenyl. 

StepC 

4-Amino-4'-biDhenyi c arboxvlic acid 
The title compound can be prepared by palladium catalyzed hydrogenation of 4- 
nitro-4'-biphenyl carboxylic acid. 
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Compound 13 
4-Amino-3'-biphenvl carboxvlic acid 

Step A 
4-Nitro-3'-methvlhiphftnyl 
The title compound was prepared by Suzuki coupling of 1-bromo-4-nitrobenzene 
and 1-bromo-3-methylbenzene. 

SJspJB 

4-Nitro-3'-biDhenvl carboxvlic acid 
The title compound was prepared by KMn0 4 oxidation of 4-nitro-3'- 
methylbiphenyl. 

StepC 

4»Amino-3'-biDhenvl carboxvlic acid 
The title compound can be prepared by palladium catalyzed hydrogenation of 4- 
nitro-3"-biphenyl carboxylic acid. 



Compound 14 
4-Amino-2-methoxv-3'-biphen yl carboxylic acid 

Step A 

2-Methoxv-4-nttro-3'-methylbiphenyl 
The title compound was prepared by reaction of 1-bromo-2-methoxy-4- 
nitrobenzene with 3-methylphenylboronic acid in the presence of palladium acetate. 

sjap_£ 

2-Methoxv-4-nitro-3'-biphenvlcarboxvlic acid 
The title compound was prepared by KMn0 4 oxidation of 2-methoxy-4-nitro-3'- 
methylbiphenyl. 

StepC 

4-Amino-2-methoxv-3'-biphenyl carboxylic acid 
The title compound can be prepared by palladium catalyzed hydrogenation of 2- 
methoxy-4-nitro-3'-biphenyl carboxylic acid. 
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Compound 15 
4-Amino-2-isopropVloxv-3'-biphen V l ra rboxvlic acid 
The title compound can be prepared by methods analogous to those used to 
prepare Compound 14. 



Compound 1fi 
4-Amino-2-Phenvl-3'-bipha nvlcarboxvlic arid 
The title compound can be prepared by methods analogous to those used to 
prepare Compound 14. 



Compound 17 
(4-Amino-2-(3.5-dimethvlPhenyhbeny ovn.Met-QCH n 

Step A 

2-Bromo-4-nitrohftn7nir acjrt 
2-Bromo-4-nitrotoluene (5.0 g, 23.14 mmol) was dissolved in pyridine (23 mL) and 
water (46 mL). The heterogeneous mixture was heated to 60°C and KMn0 4 (18.29 g, 
1 15.7 mmol) was added carefully. The mixture was then heated under reflux overnight. 
The reaction mixture was filtered and washed with boiling water. The solution was then 
made acidic and extracted into ethyl acetate, dried over Na 2 S0 4 and the solvent was 
removed in vacuo. The crude product was dissolved in aqueous NaOH and washed with 
hexanes. The aqueous phase was made acidic and the product was extracted into ethyl 
acetate. The ethyl acetate solutions were combined and dried over Na 2 S0 4 and the 
solvent was removed in vacuo to provide the desired product (3.72 g): m.p. 158-160°C; 
1 H NMR (CD 3 OD) 57.81 (1H, d, J=8.5 Hz), 8.08 (1H, d, J=8.5 Hz), 8.30 (1H, s); 13 C 
NMR (CD3OD) 8 121.96, 122.75, 129.36, 132.24, 139.52, 149.54, 167.75; Anal. Calc. 
for C 7 H 4 BrN0 4 -0.1 ethyl acetate, C: 34.88, H: 1.90, N: 5.50; Found, C: 34.68, H: 1.86, 
N: 5.82. 

Sisal 

3.5»Dimethylphftn ylboronic acid 
Magnesium turnings (1 .44 g, 59.43 mmol) were coverd with dry THF (18.8 mL) in 
a dried, nitrogen filled flask fitted with an addition funnel and reflux condenser. To this 
was added 5-bromo-m-xylene (10 g, 54.03 mmol) in THF (15 mL) after initiation of the 
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Grignard reaction. The addition was carried out over several minutes and the reacton 
mixture was heated at reflux for 1-2 hours until most of the magnesium had reacted. The 
reaction mixture was then cooled and transferred to an addition funnel fitted to an 
nitrogen filled flask containing triisopropyl borate (24.9 mL) at -70°C. The dropwise 
addition was carried out over several minutes and the mixture warmed to room 
temperature and stirred overnight. The grey solution was poured onto 2 M HCI and 
immediately turned yellow. The solution was extracted with Et 2 0 and the Et 2 0 fractions 
were combined, dried over MgS0 4 and the solvent was removed in vacuo to provide the 
desired product (2.41 g): m.p.249-251°C; 1 H NMR (CDCI 3 ) 62.44 (6H, s), 7.23 (1H, s), 
7.84 (2H, s); ™C NMR (CD 3 OD) 521.36, 133.28, 134.39, 137.48. 

StepC 

4-Nitro-2-f3.5.di methvlphenyhben2oic acid 
2-Bromo-4-nitrobenzoic acid (0.43 g, 2.03 mmol) and 3,5-dimethylphenyl boronic 
acid (0.334 g, 2.23 mmol) were dissolved in anhydrous DMF (25 mL) under nitrogen. To 
this mixture was added Cs 2 C0 3 (1.66 g, 5.08 mmol) followed by Pd(Ph 3 P) 4 (0.12 g, 5%). 
The mixture was heated at 100°C overnight. The solution was poured onto 1 N HCI and 
extracted with Et 2 0. It was dried over MgS0 4 and the solvent was removed in vacuo. 
The crude product was chromatographed on silica gel using a 9:1 mixture of hexanes 
and ethyl acetate to provide the desired product (0.34 g): 1 H NMR (CDCI 3 ) 5 2.36 (6H, 
s), 6.99 (2H, s), 7.07 (1H, s), 8.03 (1H, d, J=9.0 Hz), 8.23-8.25 (2H, m); 13 C NMR 
(CDCI 3 )5 21.28, 121.68, 123.68, 125.74, 126.07, 130.22, 131.19, 131.31, 135.04, 
138.21, 144.74, 170.75. 

StepP 

f4-Nitro-2-f3 5-dimflthylphenvnben2oy n.Met-QCH a 
4-Nitro-2-(3,5-dimethylphenyl)benzoic acid (0.15 g, 0.55 mmol), methionine methyl 
ester hydrochloride (0.1 1 g, 0.55 mmol), EDCI (0.1 1 g, 0.55 mmol), HOBT (0.07 g, 0.55 
mmol) and triethylamine (0.08 mL) in dry methylene chloride (2.2 mL) were reacted and 
worked up according to the procedure for (N-BOC-4-aminobenzoyl )- Met-OCH 3 as 
described above. After recrystallization from ethyl acetate and hexanes, the desired 
product was obtained (0.13 g): m.p. 122-124°C; ^H NMR (CDCI 3 ) 5 1 .2-1.84 (1H, m), 
1.85-1.97 (1H, m), 2.01 (3H. s), 2.05 (3H, t, J=7.7Hz), 2.38 (6H, s), 3.70 (3H, s), 4.67- 
4.74 (1H, m), 6.03 (1H, d, J=7.9 Hz), 7.05 (2H, s), 7.09 (1H, s), 7.84-7.87 (1H, m), 7.84- 
7.87 (1H, m) 8.23-8.26 (2H, m); 13C NMR (CDCI 3 ) 5 15.20, 21.26, 29.22, 31.15, 51.79, 
52.57, 122.07, 125.11, 126.27, 130.03, 130.53, 137.77, 138.82, 140.29, 141.56, 148.41, 
167.14, 171.53. 
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StepE 

(4-Amino-2-f3.5-dimethviDhenvhben7o yh.Met-QCH 3 
(4-Nitro-2-(3,5-dimethylphenyl)benzoyl)-Met-OCH 3 (0.1 1 g, 0.26 mmol) was 
dissolved in ethyl acetate (3.0 mL). To this mixture was added SnCI 2 2H 2 0 (0.3 g, 1 .30 
mmol) and the reacton was heated under nitrogen at reflux for 6 hours. The mixture was 
worked up as described above for (4-amino-2-phenylbenzoyl)-Met-OCH 3 to give the 
desired product (0.15 g): NMR (CDCI 3 ) 5 1.60-1.70 (1H, m), 1.80-1.90 (1H, m), 1.99 
(3H, s), 2.05 (2H, t, J=7.6 Hz), 2.33 (6H, s), 3.64 (3H, s), 3.93 (2H, br s). 4.61-4.64 (1H, 
m), 5.82 (1H, d, J=7.7 Hz), 6.49 (1H, d, J=2.3 Hz) 6.62 (1H, dd. J=8.4, 2.4 Hz), 6.98 (2H 
s), 7.00 (1H, s), 7.65 (1H, d, J=8.3 Hz); 13q NMR (CDCI 3 ) 5 15.08, 21.17, 29.28, 31.49,' 
51.70, 52.18, 113.30, 115.94, 123.55. 126.36, 129.32, 131.23. 138.15, 140.72, 141.92, 
148.40,168.45.172.01. 



Preparation 1 
Anilines of the formula fUNM* 
The anilines from Table 2. entries 10-1 26 (B-NH 2 ) are prepared using the 
procedures for Compounds 1-18 with the exception that methionine methyl ester is 
replaced by methioninesulfone methyl ester, (S-Me)cysteine methyl ester, serine methyl 
ester. (O-Me)serine methyl ester, (O-Me)homoserine methyl ester, homoserine lactone, 
isoleucine methyl ester, leucine methyl ester, norieucine methyl ester, norvaline methyl 
ester, cyclohexylalanine methyl ester, phenylalanine methyl ester, or glutamic acid 
dimethyl ester. 




O V^SMe 

Preparation 9 
4-Bromo-2-phenvlbenzoyl met hionine methyl e ? ter 

Preparation 2A 
4-Bromo-2-phenylben7Qi c acid methyl ester 
A solution of methyl 4-amino-2-phenylbenzoic acid (1 .0 equivalent) in dilute 
aqueous HBr is treated with NaN0 2 (1.1 equivalents) to form the diazonium salt. The 
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reaction is treated with CuBr (1 .1 equivalents) and heated. When judged complete by 
TLC analysis, the mixture is extracted into ethyl acetate which is dried and evaporated. 
The title arylbromide is purified by chromatography on silica gel. 

Preparation 2B 
4-Bromo-2-Dhenvlbenzoic acid 
To a solution of the resultant compound from Preparation 2A (1 .0 equivalent) in a 
3:1 mixture of tetrahydrofuran (THF) and water is added an excess (1 .5 equivalents) of 
LiOH. When hydrolysis is judged complete by TLC analysis, the solvent is evaporated 
and the remaining aqueous layer is acidified to pH = 3 and extracted into ethyl acetate 
which is dried and evaporated prior to purification by chromatography on silica gel. 

Preparation 2C 
4-Bromo-2-phenvlbenzovl methi onine methvl ester 
To a solution of the resultant compound from Preparation 2B (1 .0 equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.5 
equivalents) followed by methionine methyl ester (1.0 equivalent) and 1-(3- 
dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 equivalents). When judged 
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed by 
1 N HCI and saturated brine, and then is dried and evaporated. The crude reaction 
mixture is purified by column chromatography to afford the title product. 

Preparation 2D 

4-Bromo-2-Phenvlbenzovt methionine methvl ester alternat e procedure 
A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1 .0 equivalent) in 
dilute aqueous HBr is treated with NaN02 (1.1 equivalents) to form the diazonium salt. 
The reaction is treated with CuBr (1.1 equivalents) and heated. When judged complete 
by TLC analysis, the mixture is extracted into ethyl acetate which is dried and 
evaporated. The title arylbromide is purified by chromatography on silica gel. 

Preparation 3 
Arvlbromides of the formula B-Br 
The anilines from Table 2 (B-NKfe) are reacted according to the procedures of 
Preparation 2 to provide the arylbromides listed in Table 3. 
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Example 1 

r4-(2-Pvridvloxvl-2-phenylben zovHmethionine 

Example 1A 
4-Hvdroxv-2-Dhenvlbenzoic acid methyl ester 
A solution of methyl 4-amino-2-phenylbenzoate (1.0 equivalent) in dilute aqueous 
H2SO4 is treated with NaN02 (1-1 equivalents) until an excess of nitrous acid persists to 
form the diazonium salt. This salt is then diluted further with water and heated. The 
mixture is extracted into ethyl acetate which is dried and evaporated. The title ester is 
purified by chromatography on silica gel. 

Example 1B 

4-(2-Pvridvloxv)-2-Dhenvlbenzoic aci d methyl ester 
A solution of the resultant phenol from Example 6A (1.0 equivalent) is treated with 
2-bromopyridine (1 .0 equivalent) in the presence of a NaH (1 .0 equivalent), or K 2 C0 3 
(2.0 equivalents) and copper (1 .0 equivalent) in DMF or pyridine. The product is isolated 
by removal of the solvent and chromatography on silica gel. 

Example 1C 
4-(2-PvridvloxvV2-phenvlbenzoic acid 
A solution of the resultant ester from Example 6B (1 .0 equivalent) in aqueous 
methanol is treated with NaOH (2.0 equivalents) and stirred until the reaction is deemed 
complete by TLC analysis. The mixture is acidified, diluted with water, and extracted into 
ethyl acetate which is dried and evaporated. Chromatography on silica gel provides the 
title product. 

Example 1D 

f4-f2-Pvridvloxv^-2-phe nvlbenzovl1methionine methvl ester 
To a solution of the resultant compound from Example 1 C (1 .0 equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.5 
equivalents) followed by methionine methyl ester (1.0 equivalent) and 1-(3- 
dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 equivalents). When judged 
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with 
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1 N HCI and saturated brine, and then is dried and evaporated. The crude reaction 
mixture is purified by column chromatography to afford the title product. 

Example 1E 

f4-(2-PvridvlQXV)-2-Phenvlbenzovl1methionine meth yl ester, alternate procedure 
A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1.0 equivalent) in 
dilute aqueous H 2 S0 4 is treated with NaN0 2 (1.1 equivalents) until an excess of nitrous 
acid persists to form the diazonium salt. This salt is then diluted further with water and 
heated to form the phenol which is purified by chromatography on silica gel. A solution of 
this phenol (1.0 equivalent) is treated with 3-bromopyridine (1 .0 equivalent) in the 
presence of a NaH (1.0 equivalent), or K 2 C0 3 (2.0 equivalents) and copper (1.0 
equivalent) in DMF or pyridine. The product is isolated by removal of the solvent and 
chromatography on silica gel. 

Example 1F 
f4-(2-PVridvlOXV)-2-Phenvnbenyoylm ft thinnin ft 

The resultant compound from Example 6E is hydrolyzed according to the 
procedure of Example 1 B to give the title product. 




CONHMet 

Example 2 

f4-(3-PVridvlmethvloxv^2-phenvlbenzovl1methionine 
The title compound is prepared as described in Example 1 with the exception that 
2-bromopyridine is replaced by 3-chloromethylpyridine hydrochloride. 
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Example 3 

f4-(3-Pvridvlmethvlthio^2»DhenvlbenzQvnmethionine 

Example 3A 
4-Mercapto-2-phenvlbenzoic acid methvl ester 
A solution of methyl 4-amino-2-phenylbenzoic acid (1.0 equivalent) in dilute 
aqueous H2SO4 is treated with NaNC>2 (1 1 equivalents) to form the diazonium salt. The 
reaction is treated with Ss (10 equivalents) and heated. The mixture is extracted into 
ethyl acetate which is dried and evaporated. The title thiophenol is purified by 
chromatography on silica gel. 

Example 3B 

4-(2-Pvridvlmethvlthiol-2-phenvlbenzoic acid methvl ester 
A solution of the resultant thiophenol (1 .0 equivalent) from Example 3A is treated 
with 2-chloromethylpyridine hydrochloride (1.0 equivalent) in the presence of a NaH (2.0 
equivalents), or K2CO3 (3.0 equivalents in DMF or pyridine. The product is isolated by 
removal of the solvent and chromatography on silica gel. 

Example 3C 

4-(2-PvridYlmethvfthiol-2-p henvlbenzoic acid 
The resultant compound from Example 3B is hydrolyzed according to the 
procedure of Example 6C to give the title acid. 

Example 3D 

f4-(2-PvridvlmethvlthioW2-phenvlbenzoyl)methionine methvl ester 
To a solution of the resultant compound from Example 3C (1.0 equivalent) in 
dimethylfonmamide (DMF) is added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.5 
equivalents) followed by methionine methyl ester (1.0 equivalent) and 1-(3- 
dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 equivalents). When judged 
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with 
1 N HCI and saturated brine, and then is dried and evaporated. The crude reaction 
mixture is purified by column chromatography to afford the title product. 
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Example 3E 

f4-(2-Pvricivlmethvlthio)-2-Dhenvlbenzovllmethionine m ethvl ester, alternate pmr^ m 1 
A solution of 4«amino-2-phenylbenzoyl methionine methyl ester (1.0 equivalent) in 
dilute aqueous H2SO4 is treated with NaN0 2 (1.1 equivalents) to form the diazonium 
salt. The reaction is treated with Se (1 0 equivalents) and heated. The mixture is 
extracted into ethyl acetate which is dried and evaporated to afford 2-phenyl-4- 
mercaptobenzoyl-methionine methyl ester. The thiophenol is purified by chromatography 
on silica gel. A solution of this thiophenol (1 .0 equivalent) is treated with 2- 
chloromethylpyridine hydrochloride (1.0 equivalent) in the oresence of a NaH (2.0 
equivalents), or K2CO3 (3.0 equivalents) in DMF or pyridine. The product is isolated by 
removal of the solvent and chromatography on silica gel. 

Example 3F 

f4-(2-Pvridvlmethvlthio^2-Dhenvlbenzovllmethioninft methvl ester, alternate pr^ dum ? 

Methyl 4-amino-2-phenylbenzoate (100 mmol) is mixed in 50% sulfuric acid, and 
is cooled by a ice-water bath. To the above mixture with good stirring is added slowly a 
cold solution of sodium nitrite (110 mmol) in water, the reaction temperature is kept under 
10 °C. Powdered anhydrous sodium carbonate (100 mmol) is carefully added to the cold 
reaction mixture in small portions, until the reaction mixture reaches pH 7 to 8. Then, the 
reaction mixture is added in small portions to a solution of sodium p- 
methoxybenzylsulfide (prepared from reaction 1 10 mmol of p-methoxybenzylthiol with 55 
mmol of 2.0 M NaOH aqueous solution). After completion of the addition, the reaction 
mixture is refluxed until judged complete by TLC analysis. The reaction mixture is then 
extracted with ether, and the organic extracts are washed sequentially with aqueous 
sodium carbonate solution, water and brine, dried with anhydrous magnesium sulfate, 
filtered, and concentrated in vacuo. The residue is then purified by column 
chromatography on silica gel. 

The product thus obtained is dissolved in methanol and water , followed by 
addition of lithium hydroxide (200 mmol), and the mixture is refluxed until hydrolysis is 
judged complete by TLC analysis. The reaction mixture is then acidified with 6 N HCI, 
and extracted into ethyl acetate. The organic extracts are washed with brine, dried with 
anhydrous sodium sulfate, and concentrated in vacuo. The crude product obtained is 
redissolved in methylene chloride, followed by addition of 1-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide (1.1 equivalent) and 1-hydroxybenzotriazol (1 .2 equivalent). The 
reaction is stirred until it is judged complete by TLC analysis, and then is diluted with 
ether. The mixture is washed with water, brine, dried over anhydrous magnesium 
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sulfate, filtered, and concentrated in vacuo. The residue is then purified by column 
chromatography on silica gel. 

The resulting product is dissolved in trifluoroacetic acid and anisole (1.5 
equivalent), and mercury diacetate (1.2 equivalent) is added. After TLC shows no 
starting material left, the reaction mixture is diluted with ether, washed with water, brine, 
dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The 
resulting crude material is purified by column chromatography to afford 2-phenyl-4- 
mercaptobenzoyl-methionine methyl ester. A solution of this thiophenol (1.0 equivalent) 
is treated with 2-chloromethylpyridine hydrochloride (1.0 equivalent) in the presence of a 
NaH (2.0 equivalents), or K 2 C0 3 (3.0 equivalents) in DMF or pyridine. The product is 
isolated by removal of the solvent and chromatography on silica gel. 

Example 3G 

f4-(3-Pvridvlthiomethvn-2-phenvlben7 ovnmethionine 
To a solution of the resultant compound from Example 3D (1.0 equivalent) in a 3:1 
mixture of tetrahydrofuran (THF) and water is added an excess (1 .5 equivalents) of LiOH. 
When hydrolysis is judged complete by TLC analysis, the solvent is evaporated and the 
remaining aqueous layer is acidified to pH = 3 and extracted into ethyl acetate which is 
dried and evaporated prior to purification by chromatography on silica gel. 




Example 4 

4-f2-Pvridvlthio^-2-Dhenylb enzovlmethioninG 

Example 4A 
4-Fluoro-2-phenvl benz oic acid methvl ester 
A solution of methyl 4-amino-2-phenylbenzoate (1.0 equivalent) in dilute aqueous 
HBF 4 is treated with NaNC*2 (1.1 equivalents) until an excess of nitrous acid persists. 
The mixture is extracted into ethyl acetate which is dried and evaporated. The title ester 
is purified by chromatography on silica gel. 
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Example 4B 

4-Fluoro-2-phenvl benzoin acid 
The resultant compound from Example 4A is hydrolyzed according to the 
procedure of Example 1C to give the title acid. 

Example 4C 

4-Fluoro-2-phenyl benzoyl m ethionine methvl ester 
The resultant product from Example 4B is coupled to methionine methyl ester 
according to the procedure of Example 3D to give the title compound. 

Example 4D 

4-(2-Pvridvlthio)-2-Dhenvl benzoyl methi onine methvl ester 
A mixture of the resultant fluorobenzoate from Example 4C (1 .0 equivalent) and 2- 
mercaptopyridine (1.0 equivalent) is treated with K2CO3 (2.0 equivalents) or NaH (1 .0 
equivalent) in DMF or DMSO and is stirred until the reaction is judged complete by TLC 
analysis. The mixture is diluted with water and extracted into ethyl acetate which is dried 
and evaporated. Chromatography of the residue on silica gel affords the title compound. 

Example 4E 

4-(2-Pvridvlthio)-P-nhenvl benzoyl methionine methvl ester, alter nate orocedurp 1 
A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1 .0 equivalent) in 
dilute aqueous H2SO4 is treated with NaNC-2 (1.1 equivalents) to form the diazonium 
salt. The reaction is treated with Se (10 equivalents) and heated. The mixture is 
extracted into ethyl acetate which is dried and evaporated. The title thiophenol is purified 
by chromatography on silica gel. A solution of this thiophenol (1 .0 equivalent) is treated 
with 2-bromopyridine hydrobromide (1 .0 equivalent) in the presence of a NaH (2.0 
equivalent), or K2CO3 (3.0 equivalents in DMF or pyridine. The product is isolated by 
removal of the solvent and chromatography on silica gel. 

Example 4F 

4-(2-Pvridvlthiot-?-nhftnvl benzoyl methionine methvl ester, alter nate procftriurft P 
A solution of the resultant thiophenol from Example 3A (1 .0 equivalent) is treated 
with 2-bromopyridine hydrobromide (1.0 equivalent) in the presence of a NaH (2.0 
equivalents), or K2CO3 (3.0 equivalents) in DMF or pyridine. The product is isolated by 
removal of the solvent and chromatography on silica gel. The resultant ester is 
hydrolyzed according to the procedure of Example 6C and then is coupled to methionine 
methyl ester according to the procedure of Example 1C to give the title compound. 
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Example 4G 

4-f2-Pvridvlthio)-2-Dhenvlben2 ovlmethioninB 
To a solution of the resultant compound from Example 4D (1 .0 equivalent) in a 3:1 
mixture of tetrahydrofuran (THF) and water is added an excess (1.5 equivalents) of LiOH. 
When hydrolysis is judged complete by TLC analysis, the solvent is evaporated and the 
remaining aqueous layer is acidified to pH = 3 and extracted into ethyl acetate which is 
dried and evaporated prior to purification by chromatography on silica gel. 

Example S 

4-f2-Pvridvlsulfonvn-2-phenvlben7 Q y lmethionine 
Example 5A 

4-<2-Pvridvlsulfonvl>-2-Phenvlbenzoift ar id methvl ester 
A solution of 4-(2-pyridylthio)-2-phenylbenzoic acid methyl ester (Example 4F) is 
carefully treated with two equivalents of mefa-chloroperbenzoic acid in methylene 
chloride at low temperature and the reaction is then quenched with aqueous Na2S03 
when judged complete by TLC analysis. The layers are separated and the organic 
phase is extracted with aqueous NaHCC-3 to remove the m-chlorobenzoic acid. The 
product is isolated by removal of the solvent and is purified by chromatography on silica 
gel. 

Example 5B 
4-(2-Pvridvlsulfonyn-2-phenyih enzovlmethionine 
The desired compound is prepared by hydrolysis of the product of Example 5A, 
followed by coupling with methionine methyl ester and saponification of the Methyl ester 
according to the method of Examples 4C, D and G. 
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Example 6 

4-f3'Pvridvlthiomethvlen)-2-phenyl henzovlmethioninft 
The title compound is prepared from the resultant product of Example 3B using 
the procedures from Example 5. 



H II 

^^^CONHMet 
Example 7 

4-f(2-Amin0Pvridvnmethvlene1-2.phen y|ben2ovlmethioninft 

Example 7A 
2-Phenvlterephthalic acid mono methvl ester 
A solution of 4-bromo-2-phenylbenzoic acid methyl ester (1 .0 equivalent), 
Pd(OAc) 2 (0.05 equivalent) and DPPE (1.0 equivalent) is heated in DMF to 65° C under 
4 atm. of carbon monoxide until TLC analysis indicates that the reaction is complete. 
The reaction mixture is poured into water and extracted with ethyl acetate which is dried 
and evaporated. The product is purified by chromatography on silica gel. 

Example 78 

4-fHvdroxvmethvn-?-nhenvlb6nyoir a cid methvl ester 
The resultant acid from Example 7A (1 .0 equivalent) is treated with a slight excess 
of N-methylmorpholine (1.1 equivalent) and isobutylchloroformate (1.0 equivalent) in THF 
at 0° C. The mixture is then treated with NaBH 4 (1 .0 equivalent) and aqueous NaHC0 3 
and stirred at 0° C until the reaction is judged complete by TLC analysis. The mixture is 
poured into dilute aqueous acid and extracted into ethyl acetate which is dried and 
evaporated. The product is purified by chromatography on silica gel. 

Example 7C 
4-(Hvdroxvmethvn-2-phenylbBn79ir^iri 
The resultant compound from Example 16B is hydrolyzed according to the 
procedure of Example 1C to give the title acid. 



WO 97/17070 




PCT/US96/17092 



Example 7D 

4-(Hvdroxvmethvn-2-Phenvlben7oyl m ethionine methyl aster 
The resultant product from Example 7C is coupled to methionine methyl ester 
according to the procedure of Example 1 D to give the title compound. 

Example 7E 

4-formvl-2-Dhenvlbenzovl methio nine methyl ester 
A mixture of the resultant alcohol from Example 16D (1 .0 equivalent), N- 
methylmorpholine-N-oxide (1.5 equivalents), molecular sieves, and a catalytic amount of 
TPAP is stirred in a CH 2 CI 2 /acetonitrile mixture until the reaction is judged complete by 
TLC analysis. The mixture is diluted with ethyl ether and filtered through Si0 2 . The 
product is purified by chromatography on silica gel. 

Example 7F 

4-(fprmvl)-2-Phenvlbenzovl methionine meth yl ester, alternate omnnriiip 
A mixture of (2-phenyl-4-bromobenzoyi) methionine methyl ester (100 mmol), 
4,4,6-trimethyl-2-vinyl-1,3,2-dioxaborinane (100 mmol), 

tetrakis(triphenylphosphine)palladium (0) (3 mmol) in toluene and 2 M sodium carbonate 
in water (100 mL) is heated at 80 °C until the starting methyl ester disappears. The 
resulting mixture is extracted with ether, and washed with water, brine, dried over 
anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue is then 
purified by column chromatography on silica gel. 

To a solution of the resulting vinyl compound in dioxane/water (4/1) is added 
osmium tetraoxide (0.03 equivalent), N-methylmorpholine N-oxide (3 equivalents), and 
the reaction is stirred at 25 °C until TLC analysis shows the reaction to be complete. The 
reaction mixture is extracted with ether, which is washed with water and brine, dried over 
anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue is then 
purified by column chromatography on silica gel to afford the title product. 

Example 7G 

4-(HvdrQXVmethvn-?-nhRnvlben7oyl methionine meth yl ester, alternate procedure 
To a solution of the resultant compound from Example 7E in ethanol at 0 °C is 
added sodium borohydride (0.5 equivalent), and the reaction is stirred at 0 °C until TLC 
analysis shows the reaction to be complete. The reaction mixture is extracted with ether, 
which is washed with water and brine, dried over anhydrous magnesium sulfate, filtered, 
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and concentrated in vacuo. The residue is then purified by column chromatography 
silica gel to afford the title product. 



4-f(2-Amin0PVridvnmethvlene1-2-phflnvlhfln 7 O vlmethionine methvl aster 
A mixture of the resultant aldehyde from Example 7E (1.0 equivalent), 2- 
aminopyridine (1.0 equivalent) and NaCNBH 3 (1.5 equivalents) in methanol/acetic acid i: 
stirred until the reaction is judged complete by TLC analysis. The mixture is poured into 
aqueous NaHCC>3 and extracted into ethyl acetate which is dried and evaporated. 
Chromatography of the residue on silica gel affords the title compound. 

Example 71 

4-f(2-AminoPvridvnmethvlenel-2.phfinyl benzovlmethioninft 
The resultant compound from Example 16H is hydrolyzed according to the 
procedure of Example 4G to give the title product. 



Example 8 

4-f(3-aminomethvtPVridvnmethvlene1-2.phenv lbenzQvlmethinni n o 
Using the procedures of Examples 7F-G and replacing 2-aminopyridine with 3- 
aminomethylpyridine affords the title product. 



Example 9A 

4-(2-Amin0PVridvn-2-Dhenvlbenzovlmet hionine methyl ^ or 
4-Amino-2-phenylbenzoyl methionine (1.0 equivalent) methyl ester and 2- 
bromopyridine hydrobromide (1 .0 equivalent) in pyridine are heated until the reaction is 



Example 7H 





Example 9 

4-f2-Aminopvridvn-2-phen vlbenzovlmethin n jno 
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judged complete by TLC analysis. The solvent is evaporated and the residue is taken 
in ethyl acetate which is washed with water and brine, dried, and evaporated. 
Chromatography on silica gel affords the title product. 

Example 9B 
4-(2-AminoDvridvn-2-phenvlben zovlmethionine 
The resultant compound from Example 24A is hydrolyzed according to the 
procedure of Example 4G to give the title product. 



4-(3-AminomethvlDvridvn-2-DhenvlbenzoYlm ethionine methvl ester 
A mixture of 3-pyridinecarboxaldehyde (1 .0 equivalent), 4-amino-2-phenylbenzoyl 
methionine methyl ester (1.0 equivalent) and NaCNBHa (1.0 equivalent) in 
methanol/acetic acid is stirred until the reaction is judged complete by TLC analysis. The 
mixture is poured into aqueous NaHCC-3 and extracted into ethyl acetate which is dried 
and evaporated. Chromatography of the residue on silica gel affords the title compound. 

Example 10B 

4-f3-AminomethYl DV ridvn-2-ph envlbenzovlmethionine 
The resultant compound from Example 10A is hydrolyzed according to the 
procedure of Example 4G to give the title product. 



CONHMet 
Example 10 

4-(3-Aminomethvlpyridvh .2-phenylbenzovlmethionine 




Example 10A 
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Example 11A 

4-( Azidomethvl)-2-Phenvlbenzoyl m ethipnine methyl ester 
To triphenylphosphine (1.0 equivalent) in tetrahydrofuran (THF) at -78° C is added 
diethyl azodicarboxylate (1.0 equivalent) in THF. To this mixture is added a solution of 
hydrazoic acid in benzene (2.0 equivalents) and then the resultant compound from 
Example 16D (1 .0 equivalent). After one hour the mixture was warmed to room 
temperature, stirred until the reaction is judged complete by TLC analysis, evaporated 
and chromatographed on silica gel to afford the title product. 

Example 11B 

4-(Aminomethvl)-2-Dhenvlbenzovl me thionine methvl ester 
To the resultant compound from Example 1 1 A in methanol is added triethylamine 
(3.0 equivalent) and propane 1,3-dithiol (3.0 equivalents). After the reaction is judged 
complete by TLC analysis, the mixture is filtered and evaporated. Chromatography of 
the residue on silica gel provides the title product. 

Example 11C 

4-f(4-aminomethvlPvridvnmethvlenel.2-D henvlbenzovlmethionine 
Using the procedures of Example 10 with the resultant amine from Example 1 1 B 
and 3-pyridinecarboxaldehyde affords the title product. 
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CONHMet 
Example 12 

^O-Pvridvloxymeth vlene^-Dhenvlbenzovlmethinninfi 

Example 12A 

4-fg-Toluenesulfonvloxv^-2-phenvlbenz ovlmethionine methyl estPr 
The resultant compound from Example 7D (1.0 equivalent) and p-toluenesulfonyl 
chloride (1 .0 equivalent) in pyridine are stirred until the reaction is judged complete by 
TLC analysis. The solvent is evaporated and the residue is taken up in ethyl acetate 
which is washed with water and brine, dried, and evaporated. Chromatography on silica 
gel affords the title product. 



4-(3-Pvridvloxvmethvlenel-2-phenvlbenzovlm ethionine methvl aster 
3-Hydroxypyridine (1.0 equivalent) is treated with sodium hydride (1.0 equivalent) 
in DMSO, then the resultant compound from Example 12A (1.0 equivalent) is added. 
When judged complete by TLC analysis, the reaction is diluted with water and ethyl 
acetate, the organic layer is dried and concentrated, and the crude title compound is 
purified by chromatography on silica gel. 

Example 12C 

4-(3-Pvridvloxvmethvlene^2-phenylb enzovlmethionine 
The resultant compound from Example 12B is hydrolyzed according to the 
procedure of Example 4G to give the title product. 



Example 12B 
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Example 13 

4-(3-Pvri(jvlmethoxvmethvlene^-2.phftn vlben2ovlmathinnip ff 

Example 13A 

4-(3-PYri<jvlmethOXVm8thvlene)-2-Dhenvlben7 ffY l m ethionine methy l a^r 
Using the procedure of Example 12B but replacing 3-hydroxypyridine with 3- 
hydroxymethylpyridine affords the title compound. 

Example 13R 

4'(3-PYridYlmethpxYmftthvlene)-2-Dhenvlbenzovlmethin nine methvl ester, alternate 

procedure 

The resultant compound from Example 7D (1.0 equivalent) is treated with sodium 
hydride (2.0 equivalents) in DMSO, then 3-chloromethylpyridine hydrochloride (1.0 
equivalent) is added. When judged complete by TLC analysis, the reaction is diluted with 
water and ethyl acetate, the organic layer is dried and concentrated, and the crude title 
compound is purified by chromatography on silica gel. 

Example 13C 

4-(3'PYridYlmethOXVmethvleneW2-Phenvlben7ft V l methionine methyl ps ^r 
The resultant compound from Example 28A is hydrolyzed according to the 
procedure of Example 4G to give the title product. 



WO 97/17070 




PCT/US96/17092 



Example 14 

(4-f2-nmidazol-2-vnethvnvn-2-phenyl benzovi\-m6thionin6 

Example 14A 

(4-Ethvnvl-2-phenvlbenzovn-methi onine methyl ester 
A mixture of (2-phenyl-4-bromobenzoyl)-methionine methyl ester (100 mmol), 
dieihylamine (300 mmol), trimethylsilylacetylene (110 mmol), bis(triphenylphosphine) 
palladium diacetate (5 mmol) and copper(l) iodide (3 mmol) in toluene is heated at 60 °C 
until TLC analysis indicates the starting methyl ester has disappeared. The reaction 
mixture is concentrated in vacuo, redissolved in ether, filtered through silica gel, and 
concentrated. The residue is then dissolved in THF, and is treated with 
tetrabutylammonium fluoride (120 mmol). After TLC analysis indicates that no starting 
material is left, the reaction mixture is diluted with ether, washed with water and brine, 
dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The 
residue is then purified with column chromatography on silica gel to give the title product. 

Example 14B 

{4-f2-(lmidazol-2-vl>ethvnvn-2-phenvlbenzo vl)-methionine methvl ester 
The resultant product from Example 14A (5 mmol) is mixed with 4-bromoimidazole 
(5 mmol), diethylamine (1 mL), bis(triphenylphosphine) palladium diacetate (0.1 mmol) 
and copper(l) iodide (0.1 mmol) in toluene. The mixture is stirred at 25 °C until TLC 
analysis indicates the reaction is complete. The reaction mixture is concentrated in 
vacuo, and the residue is purified with column chromatography on silica gel to give the 
title product. 

Example 47C 

(4-f2-(lmidazol-2-vhethvnyiy2-phenylbenzovl)-methionine 
The resultant compound from Example 14B is hydrolyzed according to the 
procedure of Example 4G to give the title product. 
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Example 15 

(4-f2-(lmidazol-4-vnethenvn.2-Dh6nvlben7n vU.methionine 
The resultant acetylene (3 mmol) from Example 14 is mixed with Lindlar catalyst 
(50 mg), 5 drops of quinoline in ethyl acetate. The reaction mixture is attached to a 
hydrogenation apparatus, and then is detached from the apparatus after about 95% of 
the theoretical hydrogen has been absorbed. The reaction mixture is filtered and 
concentrated in vacuo. The crude product is purified with a column chromatography on 
silica gel to give the title compound. 




Example 16 

(4-r2-nmida2ol-4-vne thvn-2-phenylbenzovn-methionine 
The resultant olefin (1 mmol) from Example 15 is mixed with 5% palladium on 
carbon (100 mg) in ethyl acetate. The reaction mixture is attached to a hydrogenation 
apparatus, and then is detached from the apparatus after about 95% of the theoretical 
hydrogen has been absorbed. The reaction mixture is filtered and concentrated in 
vacuo. The crude product is purified with a column chromatography on silica gel to give 
the title compound. 
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CONHMet 
Example 17 

(4-r2'rimidazol-4-vlcarbonvhethvnvH-2.n henvlbenzQyl}-methioninfl 



N, 




Example 17A 



(4-f2-(lmidazol»4-vlcarbonvhethvnvlV2-phenylbenyn V nmethionine methyl ester 
A stainless autoclave containing the resultant product from Example 47A (5 
mmol), 4-bromoimidazole (5 mmol), 1,1'-bis(diphenylphosphine)-ferrocenepalladium 
dichloride (0.1 mmol), and triethylamine (10 mL) is flushed with nitrogen, and pressurized 
to 20 atm with carbon monoxide. The reaction mixture is stirred at 120 °C until judged 
complete by TLC analysis. After cooling, the triethylamine is evaporated in vacuo, and 
the residue is purified by column chromatography on silica gel to give the title compound. 

Example 17B 

(4-f2-(lmidazol-4-vlcarbonvnethvnvn-2-nh envlbenzoyl}-methionine 
The resultant compound from Example 17A is hydrolyzed according to the 
procedure of Example 4G to give the title product. 



Example 18 

f4-f2'(lmidazol»4-vlcarbonvhethenvn-2-phen ylbenzovl\.methinninft 
Using the procedure of Example 15 with the resultant compound from Example 17 
affords the title product. 
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Example 19 

{4-f2-(lmi<Jazoi-4-vlcarbonvhethvn-2.Dhen yiben2QvnmethiQninft 
Using the procedure of Example 16 with the resultant compound from Example 18 
affords the title product. 




Example 20 

{4-f4-(VMethViimida7oM-vn-3»ketO-1-hutvnvll-2. D henx /|benzovnmethinni n o 

Example 2QA 

(4-f4-(1 •M9thylimidaZ0M-vl)-3-ket0-1-butvnvn.2-Dhenvlhe n 2O V »methionine methvl ester 
To a solution of 1-methyl-4-imidazoleacetic acid (5 mmol) in methylene chloride at 
0 °C is added oxalyl chloride (6 mmol) and DMF (0.05 mmol). After 30 minute, the 
solvent is evaporated in vacuo. The residue is redissolved in dichloromethane, followed 
by the addition of the resultant acetylene from Example 14A (5 mmol), triethylamine (10 
mmol), and copper(l) iodide (1 mmol). The reaction is stirred at 25 °C until TLC analysis 
indicates no starting material is left in the reaction mixture. The reaction is diluted with 
ether, washed with water and brine, dried over anhydrous magnesium sulfate, filtered, 
and concentrated in vacuo. The residue is then purified by column chromatography on 
silica gel to give the title compound. 

Example 20B 

{4-f4-(1-Methvlimida7pl^-vl)^ 

The resultant compound from Example 20A is hydrolyzed according to the 
procedure of Example 4G to give the title product. 
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Example 21 

f4-f4-f1-MethvlimidazoM>vl^3-keto.1-btJtenvlV2. Dhenvlbengovl\.methioninft 
Using the procedure of Example 15 with the resultant compound from Example 20 
affords the title product. 



^"xONHMet 



Example 22 

(4-f4-f 1 -Methvlimida2ol-4-vh-3-keto-1 -butvn-2-n henvlbenzovnmethionine 
Using the procedure of Example 16 with the resultant compound from Example 20 
affords the title product. 




MeS 

Example 23 

f4-(3-ovridvlmethvlcarbonvlamino-2-p henylben2ovl1methionine 

Example 23A 

f4-(3-Pvridvlmethvicarbonvlamino-2-phenvlbe n2oyl)methionine methvl ester 
To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1 .0 equivalent) 
in dimethylformamide (DMF) is added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.5 
equivalents) followed by 3-pyridylacetic acid (1.0 equivalent) and 1-(3- 
dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1 .5 equivalents). When judged 
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with 
1N HCI and saturated brine, and then is dried and evaporated. The crude reaction 
mixture is purified by column chromatography to afford the title product. 
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Example 23B 

r4-(3-PVridvlmethvlcaroo nvlaminol-2-ohenvlbenzovl1methiontne 
The resultant compound from Example 23A is hydrolyzed according to the 
procedure of Example 4G to give the title product. 



Ola 
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0 *> 

MeS 

Example 24 

f4-(3-pvridvlmethvlcarbon ylaminomethvn-2-phenvlbenzovnmethioninP 

Example 24A 

4-(Azidomethyl)-P-phenvlbenzoy l methionine methvl ester 
To triphenylphosphine (1.0 equivalent) in tetrahydrofuran (THF) at -78° C is added 
diethyl azodicarboxylate (1.0 equivalent) in THF. To this mixture is added a solution of 
hydrazoic acid in benzene (2.0 equivalents) and then the resultant compound from 
Example 1 6D (1 .0 equivalent). After one hour the mixture was warmed to room 
temperature, stirred until the reaction is judged complete by TLC analysis, evaporated 
and chromatographed on silica gel to afford the title product. 

Example 24B 

4-(Aminomethvn-2-phenvlbenzoyl methionine methvl ester 
To the resultant compound from Example 24A in methanol is added triethylamine 
(3.0 equivalent) and propane 1 ,3-dithiol (3.0 equivalents). After the reaction is judged 
complete by TLC analysis, the mixture is filtered and evaporated. Chromatography of 
the residue on silica gel provides the title product. 

Example 24C 

f4-(3-Pvridvlmethvlcarbonyl aminomethyl)-2-phenvlbenzovl)methi9ninp 
To a solution of the resultant amine from Example 24B (1 .0 equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-1 ,2,3-benzotriazin-4(3H)-one (1 .5 
equivalents) followed by 3-pyridylacetic acid (1.0 equivalent) and 1-(3- 
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dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 equivalents). When judged 
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with 
1 N HCI and saturated brine, and then is dried and evaporated. The crude reaction 
mixture is purified by column chromatography to afford the title product. 

Example 24D 

IS) Pvroalutamvl-(4-aminomethvl.2-phenvn benzovl methinnina 
The resultant compound from Example 24C is hydrolyzed according to the 
procedure of Example 4G to give the title product. 




Example 25 

f4-f2-Dvridvlaminocarbonvh-2-phenylb enzovllmethionine 

Example 25A 
4-Carboxv-2-Dhenvlbenzovl methion ine methvl ester 
A solution of 4-bromo-2-phenylbenzoyl methionine methyl ester (1.0 equivalent), 
Pd(OAc) 2 (0.05 equivalent) and DPPE (1.0 equivalent) is heated in DMF to 65° C under 
4 atm. of carbon monoxide until TLC analysis indicates that the reaction is complete. 
The reaction mixture is poured into water and extracted with ethyl acetate which is dried 
and evaporated. The product is purified by chromatography on silica gel. 

Example 25B 

f4-(2-Dvridvlaminocarbonvh-2-phenvlben?oyl lmethionine methvl ester 
To a solution of the resultant acid from Example 25A (1 .0 equivalent) in DMF is 
added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.5 equivalents) followed by 2- 
aminopyridine (1.0 equivalent) and 1-(3-dimehtylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (1 .5 equivalents). When judged complete by TLC analysis, the reaction is 
taken up in ethyl acetate which is washed by 1N HCI and saturated brine, and then is 
dried and evaporated. The crude reaction mixture is purified by column chromatography 
to afford the title product. 
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Example 2BC 

4-frPvridin-2-vlamino^arbonvl1-2.Dhenv lben7ovl methinnir^ 
The resultant compound from Example 25B is hydrolyzed according to the 
procedure of Example 4G to give the title product. 




MeS 

Example 26 

f4-(2-pvridvlaminocarbonvlmethvn.2-ph e nvlben?ovl methionine 

Example 26A 

4-Diazocarbonvl-2-phenvlbengoyl m e thionine methvl ester 
The resultant acid from Example 25A (1 equivalent) in dichloromethane is treated 
with oxalyl chloride (1 equivalent) and DMF (0.05 equivalent). When gas evolution has 
ceased, the acid chloride solution is added to an ether solution of diazomethane. The 
reaction is stirred until judged complete by TLC analysis, and then is concentrated to give 
the crude title compound which is purified by chromatography on silica gel. 

Example 26B 

4-camoxymfithyl-2-phenvlben2n y| methionine methyl ester 
The resultant compound from Example 26A (1 equivalent) in dioxane is added to a 
slurry of sodium thiosulfate (1.1 equivalents) and silver (I) oxide (0.5 equivalent) in water. 
The reaction is stirred until judged complete by TLC analysis, filtered, acidified, and 
extracted into ethyl acetate which is dried and evaporated. Chromatography of the 
residue on silica gel affords the title product. 

Example 26C 

4-f(Pvridin-2.v|arnino)parbonvlmethvl1-2-phenvlben2ov l methionine mothy i a ^,r 
To a solution of the resultant acid from Example 26B (1 .0 equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.5 
equivalents) followed by 2-aminopyridine (1.0 equivalent) and 1-(3-dimehtylaminopropyl)- 
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3-ethylcarbodiimide hydrochloride (1 .5 equivalents). When judged complete by TLC 
analysis, the reaction is taken up in ethyl acetate which is washed with 1 N HCI and 
saturated brine, and then is dried and evaporated. The crude reaction mixture is purified 
by column chromatography to afford the title product. 

Example 26D 

4-ffPvridin-2-ylamino)carbonvlmethvll- 2-Dhenylben?:o V | methioninp 
The resultant compound from Example 26C is hydrolyzed according to the 
procedure of Example 1 B to give the title product. 




Example 27 

r4-(3-Dvridvlthiocarbo nvlaminol-2-phenylbenzovl methionine 

Example 27A 

4-(3-pvridvlthiocaroonvlaminol-2-phenvlbe nzoic acid methvl ester 
To a solution of 4-amino-2-phenylbenzoic acid methyl ester hydrochloride (1.0 
equivalent) in toluene is added triphosgene (0.33 equivalent) and the mixture is heated at 
reflux until judged complete by TLC analysis. The intermediate is reacted without further 
purification with 3-mercaptopyridine (1.0 equivalent) and triethylamine (2.0 equivalents). 
When judged complete by TLC analysis, the reaction is taken up in ethyl acetate and 
washed with 1N HCI and brine, evaporated, and purified by chromatography on silica gel. 

Example 27B 
4-(3-pvridvlthiocarbonvlaminoV2- Dhenvlbenzoic acid 
To a solution of the resultant compound from Example 27A (1 .0 equivalent) in a 
3:1 mixture of tetrahydrofuran (THF) and water is added an excess (1 .5 equivalents) of 
LiOH. When hydrolysis is judged complete by TLC analysis, the solvent is evaporated 
and the remaining aqueous layer is acidified to pH = 3 and extracted into ethyl acetate 
which is dried and evaporated prior to purification by chromatography on silica gel. 
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Example 27C 

f4-(3-PVridvlthiocaroonvlamino)-2-phenylb enzovl methionine methvl ester 
To a solution of the resultant compound from Example 27B (1 .0 equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.5 
equivalents) followed by methionine methyl ester (1.0 equivalent) and 1-(3- 
dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 equivalents). When judged 
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with 
1 N HCI and saturated brine, and then is dried and evaporated. The crude reaction 
mixture is purified by column chromatography to afford the title product. 

Example 27D 

4-((S)-2-Pvrrolidone-5-aminomethvlcarbonvhamino- 2-phenvlben2ovl methionine methyl 

ester, alternate preparation. 
To a solution of 4-amino-2-phenyibenzoyl methionine methyl ester (1 .0 equivalent) 
in methylene chloride is added a solution of phosgene in toluene (1 .0 equivalent) and 
triethylamine (2.0 equivalents). The intermediate is reacted without further purification 
with (S)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) and triethylamine (1.0 equivalent). 
When judged complete by TLC analysis, the reaction is taken up in ethyl acetate and 
washed with 1N HCI and brine, evaporated, and purified by chromatography on silica gel. 

Example 27E 

f4-(3-pvridvlthiocarbonvlamino^2-pheny (ben2ovl methionine 
To a solution of the resultant compound from Example 27C in a 3:1 mixture of 
THF and water is added an excess of LiOH (1 .5 equivalents). When hydrolysis is judged 
complete by TLC analysis, the solvent is evaporated and the remaining aqueous layer is 
acidified to pH = 3 and extracted into ethyl acetate which is dried and evaporated prior to 
purification by chromatography on silica gel. 
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Example 28 

f4-(3-Dvridvlthiosulfinvlaminol-2-phflnylbenzovl methionine 
The title compound is prepared as described in Example 27 with the exception 
that triphosgene (0.33 equivalent) is replaced by thiophosgene (1 .0 equivalent). 




Example 29 

f4-3-Pvridvlmercaptosulf inyhamino-2-phenylbenzovnmethionine 

Sxample 29A 

f4-3-pyridylm^ rcaptosulfinynamino-2-Dhenylbenzoyl)methionine methyl as ter 
To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1 .0 equivalent) 
in methylene chloride is added thionyl chloride (1.0 equivalent) and triethylamine (2.0 
equivalents). After the amine has fully reacted,3-mercaptopyridine (1.0 equivalent) is 
added. When the reaction is judged complete by TLC analysis, the product is isolated as 
described in Example 1 A and purified by chromatography on silica gel. 

Example 29B 

4-((S)-2-Pvrrolidonft-5-aminpmethvlsulfinvham ino-2-phenylbenzovl methinnina 
To a solution of the resultant compound from Example 29A in a 3:1 mixture of 
THF and water is added an excess of LiOH (1.5 equivalents). When hydrolysis is judged 
complete by TLC analysis, the solvent is evaporated and the remaining aqueous layer is 
acidified to pH = 3 and extracted into ethyl acetate which is dried and evaporated prior to 
purification by chromatography on silica gel. 
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MeS 

Example 30 

f4-0-pvridvlmercaptosulfonvlaminQWg.phflny iben2ovnmethif>nin ft 

Example 30A 

f4-(3-PYn(jvtmercaPtOSUlfonvlamino)-2-phenv/lben7o V nmethiQnine methvl gstar 
To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1 .0 equivalent) 
in methylene chloride is added sulfuryl chloride (1.0 equivalent) and triethylamine (2.0 
equivalents). After the amine has fully reacted, 3-mercaptopyridine (1 .0 equivalent) is 
added. When the reaction is judged complete by TLC analysis, the product is isolated as 
described in Example 27A and purified by chromatography on silica gel. 

Example 30R 

r4-(3-PVridvlmercaPtosulfonvlaminoW2-phenvlben7oyl) methionine methvl ester altern^ 

procedure 

A solution of 1 equivalent of 4-amino-2-phenylbenzoyl methionine methyl ester 
(1 .0 equivalent) and sulfuryl chloride (1 .0 equivalent) in acetonitrile with a catalytic 
amount of antimony(V) chloride is heated to reflux until judged complete by TLC analysis. 
The solution is then cooled, filtered, and all volatiles are removed under reduced 
pressure. The residue is taken up in dichloromethane and treated with triethylamine (1 
equivalent and (S)-5-aminomethyl-2-pyrrolidone (1 .0 equivalent). When the reaction is 
judged complete by TLC analysis, the product is isolated as described in Example 27A 
and purified by chromatography on silica gel. 

Example 30C 

4-(fS)-2-PvrrQlidone-5-aminomethvlsulfonvhaminQ-P. phenvlbenzovlmethioninP mp^hyi 

ester 

The resultant compound from Example 30A is hydrolyzed according to the 
procedure of Example 27B to give the title product. 
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MeS 

Example 31 

4-(Pvridin-3-vlmercaPtocarbonvhaminQmethy| .2-phenvlben2o V | methionine 
The title compound is prepared as described in Example 24 with the exception 

that 3-pyridylacetic acid (1 .0 equivalent) is replaced by 3-mercaptopyridine (1 .0 

equivalent). 



CM. 

H 

0 > 

MeS 

Example 32 

4-fPvridin-3-vlmercaptocarbonynaminomethy| .2-phenylben2Qvl methionine 
The title compound is prepared as described in Example 24 with the exception 
that 3-pyridylacetic acid (1.0 equivalent) is replaced by 3-mercaptopyridine (1 .0 
equivalent), and triphosgene (0.33 equivalent) is replaced by thiophosgene (1 .0 
equivalent). 





Example 33 

4-(3-Dvridvlmercaptosulfinyhaminomethyh -2-phenvlbenzovnmethionine 
The title compound is prepared as described in Example 29 using the resultant 
amine from Example 24B. 
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Example 34 

4-(Pvridin-3-vlmercaDtosulfQny naminomethvl-2-Dhenvlbenzovl methioninp 
The title compound is prepared as described in Example 30 using the resultant 
amine from Example 24B. 




Example 35 

f4-(3-Pvridvlmethvlsulf onvlamino^-2-Dhenylbenzovl)methionine 

Example 35A 

f4-(3-Pvridvlmethvlsulfonylami no^2-phenvlbenzoynmethionine methyl psfrr 
A mixture of 3-chlorosulfonylmethylpyridine hydrochloride (1.0 equivalent) and (4- 
amino-2-phenylbenzoyl)methionine methyl ester (1.0 equivalent) in dichloromethane is 
treated with triethylamine (2.2 equivalents). When judged complete by TLC analysis, the 
reaction is diluted with ethyl acetate, and then is washed with pH 4 water, saturated 
NaHC03, and brine. The mixture is dried and concentrated to give the crude title 
compound which is purified by chromatography on silica gel. 

Example 3SB 

(4-ff3-sulfonvlmethvlPvridvnamino]-2-ph envlbenzovllmethionin f > 
The resultant compound from Example 35A is hydrolyzed according to the 
procedure of Example 27B to give the title product. 



WO 97/17070 




PCT/US96/ 17092 



Example 36 

f4-f3-PVridvloxvmethvlene)-2-phenoxyh en2QvnmethiQnine 

Example 36A 
dimethv phenoxytfirflphth^i^ 
To a solution of phenol (10.8 g) In anisole (40 mL) and DMF (90 mL) was added 
potassium tert-butoxide (12.1 g). The mixture was heated for 40 minutes while 
continuously passing a nitrogen stream through the reaction flask (~ 20 mL of solvent 
distilled over). The mixture was cooled to ambient temperature and dimethyl 
nitroterephthalate (23.9 g) was added. The resulting black mixture was stirred for 1 hour 
at ambient temperature and two hours at 100 -105 °C. The reaction mixture was poured 
into ice containing 2 mL of concentrated HCI. The mixture was extracted with ether. The 
ether layer was washed with water (3x) and saturated aqueous NaHC03 (2x). The 
organic phase was dried over MgS04, filtered, and concentrated in vacuo to give 24.1 g 
of an oil. Chromatography on silica gel (10% ethyl acetate-hexanes) gave dimethy 
phenoxyterephthalate (15.9 g). 

Example 36B 
4-carbomethoxv-3-phennxybenzoic acid 
To a mixture of dimethyl phenoxyterephthalate (10.4 g) in water (50 mL) was 
added 50% aqueous NaOH (2.32 g) and water (4 mL) and the reaction mixture was 
stirred overnight at ambient temperature. The reaction mixture was concentrated in 
vacuo and the residue was partitioned between water and ether. The aqueous phase 
was acidified (a solid formed) and extracted with dichloromethane. The organic phase 
was dried over Na2SC-4. filtered, and concentrated in vacuo to give 4-carbomethoxy-3- 
phenoxybenzoic acid (6.6 g) as a 68:32 mixture of hydrolysis isomers. 
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Example 36C 

4-hvdroxvmethvl-2-Dhenoxvben7 oic acid methvl aster 
To a 0 °C solution in THF (9 mL) of 4-carbomethoxy-3-phenoxybenzoic acid (5.88 
g), prepared as in Example 157B, was added borane-THF (1 .0 M, 30 mL). The reaction 
mixture was stirred for 1 hour at 0 °C and 1 .5 hours at ambient temperature. The 
reaction mixture was cooled in an ice bath and water (20 mL) was added slowly, followed 
by slow addition of 1:1 cone. HCI-water. The mixture was stirred for 10 minutes at 
ambient temperature and then toluene was added. The layers were separated and the 
aqueous phase was extracted with toluene. The combined organic layers were washed 
with saturated aqueous KHC0 3 , dried over Na 2 S04. filtered, and concentrated in vacuo 
to give 5.32 g of colorless oil. Chromatography on silica gel (30% ethyl acetate-hexanes) 
gave 4-hydroxymethyl-2-phenoxybenzoic acid methyl ester (4.77 g). 

Example 36D 
4-bromomethvl-2-phenoxvhfin 7oic acid methyl teste r 
To a solution in DMF (10 mL) of 4-hydroxymethyl-2-phenoxybenzoic acid methyl 
ester (2.82 g), prepared as in Example 157C, was added LiBr (1 .04 g) and PBr 3 (3.65 g) 
and the reaction mixture was stirred for 20 minutes at ambient temperature. The reaction 
mixture was poured into water and extracted with toluene. The organic phase was 
washed twice with water, dried over Na 2 S0 4 , filtered, and concentrated in vacuo to give 
4-bromomethyl-2-phenoxybenzoic acid methyl ester (3.37 g). 

Example 36E 

4-(3-pvridvloxvmethvn-2-Phenoxvben? Qic acid methvl ester 
To a solution in toluene (25 mL) of 4-bromomethyl-2-phenoxybenzoic acid methyl 
ester (3.37 g), prepared as in Example 157E, was added 18-crown-6 (0.52 g) and the 
potassium 3-pyridyloxide (2.20 g). The reaction mixture was heated at 70 °C for 1 hour 
during which time a black, insoluble tar formed. The reaction mixture was cooled to 
ambient temperature and diluted with toluene. The toluene was decanted from the tar 
and the tar was dissolved in 1:1 THF-water (20 mL). The aqueous THF was added to 
the toluene and the mixture was washed twice with brine, dried over Na 2 S0 4 , filtered, 
and concentrated in vacuo to give a black oil. Chromatography on silica gel (1:1 ethyl 
acetate-hexanes) gave 4-(3-pyridyloxymethyl)-2-phenoxybenzoic acid methyl ester (2 47 
9)- 
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Example 36F 
4-(3-Dvridvloxvmethvlenel- 2-phenoxybenzoic acid 
To a solution in methanol (15 mL) of 4-(3-pyridyloxymethylene)-2-phenoxybenzoic 
acid methyl ester (2.46 g), prepared as in Example 157E, was added a solution of 5% 
5 aqeuous KOH (2.00 g) in water (3 mL). The reaction mixture was heated at reflux for 1 .5 
hours. The reaction mixture was concentrated in vacuo and the residue was dissolved in 
water. The aqueous phase was acidified with acetic acid with cooling and stirring. The 
resulting solid was filtered, washed with water, and dissolved in THF. The THF solution 
was dried over Na2S04, filtered, and concentrated in vacuo to give 4-(3- 
i o pyridyloxymethyl)-2-phenoxybenzoic acid (2. 1 7 g) . 

Example 36G 

f4-(3-Dvridvloxvmethvn-2-Dhenoxvbenzovnmethionine methvl ester 
To a solution in DMF (3 mL) of 4-(3-pyridyloxymethylene)-2-phenoxybenzoic acid 

15 (321 mg), prepared as in Example 157F, was added 3-hydroxy-1,2,3-benzotriazin-4(3H)- 
one (345 mg, 1 .5 mmol) followed by methionine methyl ester hydrochloride (300 mg, 1 .5 
mmol), ethyl dimethylaminopropyl carbodiimide hydrochloride (288 mg, 1.5 mmol), and 
triethylamine (280 mg). The reaction mixture was stirred for 15 hours at ambient 
temperature. The reaction mixture was diluted with water and extracted with toluene. 

20 The toluene solution was washed with, dried over Na2S0 4 , filtered, and concentrated in 
vacuo. Chromatography on silica gel (75% ethyl acetate-hexanes) gave (4-(3- 
pyridyloxymethyl)-2-phenoxybenzoyl]methionine methyl ester (425 mg, 98%). 

Example 3§H 

25 r4-f3-Dvridvloxvmethvn»2-DhenoxybenzoyHmethionine 

To a solution in 5:1 methanol-H20 (3.5 mL) of [4-(3-pyridyloxymethyl)-2- 
phenoxybenzoyl]methionine methyl ester (440 mg), prepared as in Example 157G, was 
added a solution of 50% NaOH (354 mg) in water (0.8 mL) and the reaction mixture was 
heated at 60 °C for 15 minutes. The reaction mixture was concentrated in vacuo and the 

30 residue was taken up in H2O (3 mL). The aqueous solution was acidified with 

concentrated HCI (415 mg) and 2 drops of ethyl acetate were added. The resulting solid 
was filtered and dried in a vacuum oven at 60 °C for 3 hours to give [4-(3- 
pyridyloxymethyl)-2-phenoxybenzoyl]methionine (373 mg). mp 195 °C; 1 H NMR (300 
MHz, DMSO-d6) 6 1.90 (m,. 4H), 2.37 (m, 2H), 4.44 (m, 1H), 5.20 (s, 2H), 7.01 (s, 2H), 

35 7.04 (s, 1H), 7.16 (t, 1H, J=7.4 Hz), 3.66 (m, 5H), 7.70 (d, 1H, J=9.0 Hz), 8.17 (dd. 1H. 
J=4.4, 1.5 Hz), 8.30 (d, 1H, J= 3 Hz). Anal calcd for C24H24N2O5S: C, 63.70; H. 5.35; 
N, 6.59. Found: C, 63.46; H, 5.1 1 ; N, 6.08. 
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CH 3 



SCH 3 



Example 37 



Example 37A 
dimethyl 2-phenvlterenhth a t a tA 
A mixture of dimethyl 2-iodoterephthalate (22.8 g, 71 .4 mmol) and 
tetrakis(triphenylphosphine) palladium(0) (4.14 g, 3.38 mmol) in toluene (120 ml_) was 
stirred for 10 minutes. Aqueous sodium carbonate (2 M, 160 mL) and a solution in 
methanol (40 mL) of phenylboronic acid (10.4 g, 85.3 mmol) were then added and the 
reaction mixture was stirred at reflux for 15 hours. The reaction mixture was cooled to 
ambient temperature and extracted with ether. The organic phase was washed with 
water (2x) and brine, dried, and concentrated in vacuo to give dimethyl 2- 
phenylterephthalate as a dark brown oil (18.4 g) which was used without further 
purification. 



Example 37R 
2-Dhenvlmonomethylter ephthalate 
To a solution in 1:1 THF-methanol of the 2-phenylterephthalate prepared in 
Example 37A (18.4 g) was added a solution of KOH (4.56 g, 71 .5 mmol) in water (30 
mL). The reaction mixture was stirred overnight at ambient temperature and then was 
diluted in water and the methanol was evaporated in vacuo. The residue was filtered 
through a pad of Celite with a water rinse. The filtrate was extracted twice with ethyl 
acetate and the aqueous phase was cooled in an ice-water bath and concentrated HCI 
(10 mL) was added. The resulting suspension was stirred for 30 minutes and then was 
filtered. The solid was recrystallized from 25% aqueous ethanol to give 2- 
phenylmonomethylterephthalate (1 0.4 g). The mother liquor was concentrated and the 
residue was purified by chromatography on silica gel (97:2:1, then 96:3:1 chloroform- 
methanol-acetic acid) to give and additional 1.74 g of the desired compound. 



WO 97/17070 



PCT/US96/17092 



86 

Example 37C 
4-hvdroxvmethvl-2-phenvlben7oic a cid methvl ester 
To a 0 °C solution in THF (40 mL) of 2-phenylmonomethylterephthalate (10.5 g, 
41 mmol) was added borane-THF (1.0 M, 82 mL, 82 mmol) such that the reaction 
temperature remained below 6 °C. The reaction mixture was stirred for 0.5 hours, then 
the cold bath was removed and stirring was continued for 2 hours. The reaction mixture 
was again cooled to 0 °C and aqueous HCI (3 M, 100 mL) was added slowly. The cold 
bath was removed and the reaction mixture was stirred for 1 hour. The THF was 
evaporated and the residue was extracted with ethyl acetate (3x). The combined organic 
extracts were washed with 1M aqueous NaOH (2x), water (2x) and brine, dried, filtered, 
and concentrated in vacuo to give 4-hydroxymethyl-2-phenylbenzoic acid methyl ester 
(9.75 g). 

Example 37D 
4-hvdroxvmethvl-2-Dhen vlbenzoicacid 
The desired compound was prepared by saponification of 4-hydroxymethy!-2- 
phenylbenzoic acid methyl ester, prepared as in Example 37C using the procedure of 
Example 37B. 

Example 37E 
4-carboxvaldehvde-2-phen ylbenzoic acid 
To a mechanically-stirred solution of 4-hydroxymethyl-2-phenylbenzoic acid (2.28 
g, 10 mmol), prepared as in Example 37D, in dichloromethane (50 mL) was added MnC>2 
and the reaction mixture was stirred overnight at ambient temperature. The reaction 
mixture was filtered and partitioned between ethyl acetate and aqueous 3N HCI, and the 
mixture was stirred vigorously for 0.5 hours. The mixture was filtered through Celite with 
ethyl acetate rinsings. The combined organic layers were dried, filtered and 
concentrated. Chromatography on silica gel gave 4-carboxaldehyde-2-phenylbenzoic 
acid (1.65 g). 

Example 37F 

(4-carboxaldehvde-2-phenylbenzovn-A/-m ethvlmethionine methvl ester 
To a solution in dichloromethane (5 mL) of 4-carboxyaldehyde-2-phenylbenzoic 
acid (310 mg, 1.37 mmol), prepared as in Example 37E, was added oxalyl chloride (125 
uL, 1 .44 mmol) and DMF (5 u.L) and the reaction mixture was stirred until bubbling 
ceased. The reaction mixture was stirred for a further 15 minutes and then was cooled to 
about 5 °C and a solution in dichloromethane (5.5 mL) and toluene (2.5 mL) of N- 
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methylmethionine methyl ester hydrochloride (310 mg, 1.45 mmol) and 4- 
methylmorpholine (475 uL, 4.32 mmol) was added. The reaction mixture was stirred cold 
for 15 minutes and then the cold bath was removed and stirring was continued at 
ambient temperature for 1 .5 hours. The reaction mixture was diluted with ethyl acetate 
and washed with aqueous 2N HCI (3x), saturated aqueous sodium bicarbonate (3x) and 
brine, dried over sodium sulfate, filtered, and concentrated in vacuo to give a white solid, 
chromatography on silica gel (35% ethyl acetate-hexane) gave (4-carboxaldehyde-2- 
phenylbenzoyl)-A/-fnethylmethionine methyl ester (317 mg, 60%). 



Example 37ft 

f4-(3-PyridYlaminomftthvl)-2-Phenvlben2ovll-/v.mPthyi methioninfl m«th v i 0 c t o r 
To a solution in methanol (3 mL) of (4-carboxyaldehyde-2-phenylbenzoyl)-/V- 
methylmethionine methyl ester (310 mg, 0.80 mmol), prepared as in Example 37F, was 
added 3-aminopyridine (1 18 mg, 1.25 mmol) and acetic acid (0.90 mL). The reaction 
mixture was stirred for 30-40 minutes at ambient temperature and sodium 
cyanoborohydride (152 mg, 2.45 mmol) was added and stirring was continued for 2 
hours. The reaction mixture was partitioned between ethyl acetate and aqueous 2N 
NaOH. The aqueous phase was extracted with ethyl acetate. The combined organic 
extracts were washed with 2N NaOH, twice with water, twice with brine, dried over 
Na 2 S0 4 , filtered, and concentrated in vacuo. Chromatography on silica gel (ethyl 
acetate) gave [4-(3-Pyridylaminomethyl)-2.phenylbenzoyl]-/V-methylmethionine methyl 
ester (270 mg, 73%) as a white foam, i H NMR (300 MHz, D 3 COD) 8 7.93 (d, 1 H), 7.74 
(dd, 1H),7.50 (d, 1H), 7.40 (m, 7H), 7.11 (ddd, 1H), 7.02 (ddd, 1H), 5.22 and 4.58 (both 
m, total 1 H), 4.45 (s, 2H), 3.70 and 3.65 (both br s, total 3H), 2.65 and 2.45 (both br s, 
total 3H), 2.22 and 2.06 (both m, total 2H), 2.00 (br s, 3H), 1.77 (m, 2H); MS (DCI-NH3) 
m/e 464 (M+H)+. Anal calcd for C26H29N3O3S: C, 67.36; H, 6.31 ; N, 9.06. Found: C, 
67.11; H, 6.23; N, 8.84. 
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Example 38 

r4-(3-Pvridvlaminomethvn-2-Dhenylben 2ovl1./S/.fnethylmethionine 
To a 0 °C solution in THF (3.0 mL) of [4-(3-Pyridylaminomethylene)-2- 
phenylbenzoyl-]A/-methylmethionine methyl ester (135 mg, 0.29 mmol), prepared as in 
Example 37, was added a solution of lithium hydroxide hydrate (20 mg, 0.49 mmol) in 
water (1 mL). Methanol (1 mL) and water (0.5 mL) were then added to obtain a clear 
solution. The reaction mixture was stirred for 1 .5 hours and then the cold bath was 
removed and stirring was continued for 2.5 hours. The reaction mixture was partitioned 
between water which was taken to pH 4 with HCI and ethyl acetate. The aqueous phase 
was extracted three times with chloroform. The combined organic layers were dried over 
Na2S04, filtered, and concentrated in vacuo. The residue was dissolved in acetonitrile- 
methanol. The solution was diluted with water, frozen, and lyophilized to give [4-(3- 
pyridylaminomethyl)-2-phenylbenzoyl]-A/-methylmethionine (120 mg) as a white powder. 
1 H NMR (300 MHz, D 3 COD) 8 7.93 (d, 1H), 7.78 (dd, 1H), 7.50 (d, 1H), 7.38 (m, 7H), 
7.20 (m, 1H), 7.12 (m, 1H), 5.20 and 4.55 (both m, total 1H), 4.45 (s, 2H), 2.70 and 2.45 
(both br s, total 3H), 2.24 and 2.10 (both m, total 2H), 2.00 (br s, 3H), 1 .80 and 1.68 (both 
m, 2H); MS (DCI-NH3) m/e 450 (M+H)+ Anal calcd for C25H 2 7N 3 O 3 S»0.65 HCI: C. 
63.45; H, 5.89; N, 8.88. Found: C, 63.51; H, 5.54; N, 8.53. 
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Example 39 

r4-f2-Pvridvlaminomethvh-2.Dhflnyih enzovnmethiQnine 

Example 39A 

(4-hvdroxvmethvl-2-Dhenvlben7ftyl^ ethionine methyl fl^te r 
To a solution in 1:3 DMF-dichloromethane (100 mL) of 4-hydroxymethyl-2- 
phenylbenzoic acid (5.2 g, 23 mmol), prepared as in Example 37D, at 5-10 °C was 
added 1-(3-dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (4.8 g, 25 mmol), 3- 
hydroxy-1,2,3-benzotriazin-4(3H)-one (4.1 g, 25 mmol), methionine methyl ester 
hydrochloride (5.0 g, 25 mmol) and 4-methylmorpholine (2.8 mL, 25 mmol). The reaction 
was warmed slowly to ambient temperature and stirred overnight. The reaction mixture 
was diluted with ethyl acetate and washed with aqueous 1 M H3PO4. The organic phase 
was washed with brine, dried over Na 2 S0 4 , filtered, and concentrated in vacuo. 
Chromatography on silica gel (65% ethyl acetate-hexanes) gave [4-hydroxymethyl-2- 
phenylbenzoyl]methionine methyl ester (5.15 g, 60%). 

Example 3QR 

f4-carbOXValdehvde-2»Dhenvlben7oyl) methionine methvl aster 
A solution of DMSO (1.95 g, 27 mmol) in dichloromethane (100 mL) was cooled to 
-78 °C and oxalyl chloride (1.8 mL, 20 mmol) was added dropwise. After 15 minutes, a 
solution in dichloromethane (35 mL) of [4-hydroxymethyl-2-phenylbenzoyl]methionine 
methyl ester (5.1 g, 13.7 mmol), prepared as in Example 39A, was added dropwise and 
the reaction mxiture was stirred for one hour at -78 °C. Triethylamine (7.6 mL. 55 mmol) 
was then added and the reaction mixture was warmed to ambient temperature. The 
reaction mixture was diluted with ethyl ether, washed twice with brine, dried over 
Na2S04, filtered, and concentrated in vacuo to give an orange gum. The gum was 
dissolved in hot ethyl acetate (50 mL) and hexanes (10-20 mL) were added. The cloudy 
suspension was cooled in the refrigerator and the supernatant was decanted from a 
small amount of insoluble material. The supernatant was concentrated in vacuo and the 
residue was left under high vacuum for three days to give (4-carboxyaldehyde-2- 
phenylbenzoyl)methionine methyl ester (4.9 g) as a light-orange solid. 
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Example 39C 

r4-f2-Pvridvlaminomethvh-2 -Dhenvibenzovl1methionine methyl 
A suspension in toluene (17 mL) of [4-carboxyaldehyde-2- 
phenylbenzoyljmethylmethionine methyl ester (800 mg, 2.15 mmol), prepared as in 
Example 39B, 2-aminopyridine (253 mg, 2.69 mmol) and p-toluenesulfonic acid hydrate 
(22 mg, 0.1 1 mmol) were heated under reflux overnight using a Dean-Stark trap 
containing 1 0 mL of toluene. The reaction mixture was concentrated in vacuo. The 
residue was taken up in isopropanol (20 mL) and p-toluenesulfonic acid hydrate was 
added to get to pH 4. Sodium cyanoborohydride (625 mg, 10 mmol) was added along 
with absolute ethanol (20 mL) to obtain a clear solution. The pH was then adjusted to pH 
4 using .p-toluenesulfonic acid hydrate and the reaction mixture was stirred for 2 hours 
while the pH was periodically readjusted to about 4. The reaction mixture was then 
partitioned between ethyl acetate and aqueous 2N sodium hydroxide. The organic 
phase was washed with aqueous 2N sodium hydroxide, twice with brine, dried over 
Na2S04, filtered, and concentrated in vacuo. Chromatography on silica gel (55:45 
chloroform-ethyl acetate) gave [4-(2-Pyridylaminomethyl)-2-phenylbenzoyl]methionine 
methyl ester (125 mg). 

Example 39D 

f4-r2-Pvridvlaminomethvh.2-phenyl] ben20vlmethionine 
The [4-(2-Pyridylaminomethyl)-2-phenylbenzoyl]methionine methyl ester was then 
hydrolyzed using lithium hydroxide hydrate according to the method of Example 38, 
except using methanol instead of THF. 1 H NMR (300 MHz, DMSO-d 6 ) d 8.54 (d, 1H), 
7.97 (d, 1H), 7.86 (m, 1H), 7.50-7.30 (envelope, 7H), 7.04 (d, 1H), 6.83 (m, 1H), 4.70 (d, 
2H), 4.30 (m, 1H), 2.24 (m, 2H), 2.00 (s, 3H), 1.85 (m, 2H); MS (DCI-NH3) m/e 436 
(M+H)+, 434 (M-H)-. Anal calcd for C24H25N3O3S I.4 HCI: C, 59.24; H, 5.47; N, 8.64. 
Found: C, 59.36; H, 5.24; N, 8.42. 
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SCH 3 

Example 40 

r4-(4-Pvridviaminnmftt hvn-2-Dhenvlbenzovllmethioninft 
The desired compound was prepared according to the method of Examples 39C 
and D, except substituting 4-aminopyridine for 2-aminopyridine. 1 H NMR (300 MHz, 
DMSO-d6) d 8.47 (d, 1H), 8.05 (d, 2H), 7.94 (t, 1H), 7.37 (m, 8H). 6.63 (d, 2H), 4.50 (d. 
2H), 4.27 (m, 1H), 2.24 (m, 2H), 2.00 (s, 3H), 1.85 (m, 2H); MS (DCI-NH3) m/e 436 
(M+H)+, 434 (M-H)-. Anal calcd for C24H25N3O3S HCI: C, 61.07; H, 5.55; N, 8.90. 
Found: C, 61.38; H, 5.66; N, 9.01. 




Example 41 

f4-(1H-tmidarQl-4-vlmethvhamino-2»phenvlben7 ovnmethionine hydrochloride 

Example 41 A 
4-hvdroxvmethyt- 1 H-1 -triphenylmethvlimidazole 
To a mixture in DMF (25 mL) of 4-hydroxymethylimidazole hydrochloride (10.0 g, 
74 mmol) and triethylamine (25 mL, 180 mmol) was added a solution of triphenylmethyl 
chloride (22 g, 79 mmol) in DMF (75 mL) and the thick reaction mixture was spun 
overnight on the rotary evaporator. The solid was filtered off, washed with DMF and 
water, and dried overnight over Drierite® to give 4-hydroxymethyl-1H-1- 
triphenylmethylimidazole (23 g). 
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Example 41 B 
1 H-1 -triDhenvlmethvlimidazole- 4-carbo)catdehY rifl 
A mechanically-stirred slurry in d'toxane (400 mL) of 4-hydroxymethyM H-1 - 
triphenylmethylimidazole (9.6 g, 28 mmol), prepared as in Example 41 A. was heated to 
77 °C to dissolve the solid. The reaction mixture was cooled to ambient temperature and 
Mn0 2 (20.5 g, 236 mmol) was added all at once. The black slurry was warmed to 85 °C 
and stirred for 5.5 hours. The reaction mixture was filtered through Celite and the filtrate 
was concentrated in vacuo to give a crystalline solid. Recrystallization from 
dichloromethane-hexanes to give 1H-1-triphenylmethylimidazole-4-carboxyaldehyde (5 1 
9). 

Example 41 C 

f4-(1H-trimethvlDhenvlimidazol-4-vlmethvhamino.P - phenvlbenzovnmethionine methyl 

ester 

1H-1-triphenylmethylimidazole-4-carboxyaldehyde was reductively aminated with 
4-amino-2-phenylbenzoyl methionine methyl ester (compound 8) according to the 
procedure of Example 37B. 



Example 41 D 

f4-(1 H-imidazol-4-vlmethvhamino-2-pheny| ben2Qvl)methionine methvl ester 
To a solution in dichloromethane (5 mL) of (4-(1H-trimethylphenyl imidazol-4- 
ylmethyl)amino-2-phenylbenzoyl]methionine (365 mg, 0.54 mmol), prepared as in 
Example 41 C, was added triethylsilane (0.41 mL, 2.57 mmol). The reaction mixture was 
cooled to 0 °C and trifluoroacetic acid (5 mL) was added dropwise. The reaction mixture 
was stirred for 1.5 hours at 0 °C and then was concentrated in vacuo and azeotroped 
with toluene. The residue was partitioned between water and ethyl acetate. The 
aqueous phase was extracted with ethyl acetate. The initial ethyl acetate extract was 
diltued with hexane and extracted with water. The second ethyl acetate extract was 
concentrated in vacuo and the residue was combined with the two aqueous phases. The 
aqueous solution was frozen and lyophylized to give [4-(1H-imidazol-4-ylmethyl)amino-2- 
phenylbenzoyl]methionine methyl ester (260 mg). 

Example 41 E 

f4-(1H-imidazol-4-vlmethvnamino-2-p henvlben79y|]methionine hydrochloride 

The desired compound was prepared by saponification of [4-(1H-imidazol-4- 
ylmethyl)amino-2-phenylbenzoy!]methionine methyl ester, prepared as in Example 41 D 
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according to the procedure of Example 165. iH NMR (300 MHz, DMSO-d6) 5 9 01 (d, 
1H), 8.02 (d, 1H), 7.55 (d, 1H), 7.31 (m, 5H), 7.27 (d, 1H), 6.66 (dd, 1H), 6.60 (d, 1H), 
6.59 (br s, 1 H), 4.42 (s, 2H), 4.23 (m, 1 H), 2.24 (m, 2H), 2.00 (s. 3H), 1 .85 (m, 2H); MS 
(APCI) m/e 425 (M+H) + , 423 (M-H)-. Anal calcd for C22H24N4O3S2HCI 0.5H 2 O: C, 
52.18; H, 5.37; N, 1 1.06. Found: C, 52.36; H, 5.18; N, 10.57. 




SCH 3 

Example 42 

f4-( 1 H-imidazol-4-vlcarbonvhamino-2-Dhenvlbe nzovnmethionine hydrochloride 

Example 42A 
1 H-1 -triDhenvlmethvlimidazole-4.carboxvlic acid 
To a slurry of 1H-1-triphenylmethylimidazole-4-carboxaldehyde (1.0 g, 3.0 mmol), 
prepared as in Example 41 B, te/f-butyl alcohol (60 mL), 2-methyl-2-butene (15 mL, 140 
mmol) was added KH2PO4 (2.82 g, 21 mmol) and 80% sodium chlorite (3.1 g in 25 mL 
H2O, 27 mmol). The reaction mixture was stirred for 1 .5 hours using a mechanical 
stirrer. The pH was adjusted to 3-3.5 and the white solid was filtered off and rinsed with 
water. The solid was dried under high vacuum over P2O5 for two days to give 1 H-1 - 
triphenylmethylimidazole-4-carboxylic acid (956 mg, 91%). 

Example 42B 

[4-(lH-1-triph8nvlmethvlimidazol-4-vlcarbonvhaminn-P - phenvlben7ovnmethioninft methyl 

ester 

The desired compound was prepared by coupling of 1H-1- 
triphenylmethylimidazole-4-carboxylic acid, prepared as in Example 42A, with 4-amino-2- 
phenylbenzoyl methionine methyl ester (compound 8) according to the method of 
Example 163D. 
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Example 42C 

f4-(1H-imidazol-4.vlnarbonvnamino-2-Dhenvtben7ovnmethi Q ninft hvddrochtr> f fl f 
The desired compound was prepared according to the method of Examples 41 D 
and E, except substituting [4-(1H-1-triphenylmethyl imidazol-4-ylcarbonyl)amino-2- 
phenylbenzoyl]methionine methyl ester, prepared as in Example 42B for [4-(lH- 
trimethylphenyl imidazol-4-ylmethyl)amino-2-phenylbenzoyl]methionine. 1 H NMR (300 
MHz, DMSO-d 6 ) d 10.43 (s, 1H), 8.50 (s,1H), 8.47 (d, 1H), 8.17 (s, 1H), 7.86 (m, 2H), 
7.40 (m, 6H), 4.30 (m.1H), 2.24 (m, 2H), 2.00 (s, 3H), 1.85 (m, 2H); MS (DCI-NH3) m/e 
439 (M+H) + . Anal calcd for C22H22N4O4S HCI H 2 0: C, 53.60; H, 5.1 1 ; N, 1 1 .36. 
Found: C, 53.58; H, 5.00; N, 11.01. 




TFA 0 ^ 

Example 43 

f4-( 1 H-imidazole-4-vlacetamido)-2-phenvlbenzovnm ethionine trif luoroacetate 

Example 43A 
/V-(4-toluenesulfonvnimidazole-4 -vl-acetic acid 
To a solution of 4-imidazole acetic acid hydrochloride (1 g, 6.15 mmol) in 6.2 mL 
of 1 N NaOH and 18 mL of water was added 4-toluenesulfonyl chloride (1.29 g, 6.77 
mmol) and the mixture was stirred at ambient temperature. The pH of the mixture was 
maintained at 8.5 by addition of 1 N NaOH. After 3 hours, a total volume of 12 mL of 1 N 
NaOH was added and a clear solution was obtained. This solution was extracted with 
ether and the aqueous solution was acidified to pH 1 with 3 N HCI. The mixture was 
cooled in an ice bath and A/-(4-Toluenesulfonyl)imidazole-4«yl-acetic acid was isolated by 
filtration (white crystals, 1.10 g, 63% yield), m.p. 105-106 °C (decomp); 'H NMR 
(CDCI3) 6 10.0 (br, 1H), 8.04 (s, 1H), 7.82 (d, J=8.2 Hz, 2H), 7.37 (d. J=8.2 Hz, 2H), 
7.28 (s, 1H), 3.65 (s, 2H), 2.45 (s, 3H). ™C NMR (CD3OD) 6 173.6, 148.1, 138.9, 138.0, 
136.1, 131.6, 128.7, 117.0, 34.0, 21.6. 
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Example 43B 

/y-(4-t9luene§g|fony|)imidaZQle-4-vl-aceticacid AAmfi thvl-CVm6thyl^rb Qxa miri«» 
To a suspension of /V-(4-toluenesulfonyl)imidazole-4-yl-acetic acid (91 1 mg, 3.25 
mmol) and N-methyl-O-methylhydroxylamine hydrochloride (317 mg, 3.25 mmol) in 30 
mL of methylene chloride was added triethylamine (0.5 mL. 3.62 mmol) and ethyl 
dimethylaminopropyl carbodiimide hydrochloride (623 mg, 3.25 mmol). The mixture was 
stirred at ambient temperature for 7 hours and then worked up. The crude product was 
purified by flash column chromatography (5% methanol-ethyl acetate) to give A/-(4- 
Toluenesulfonyl)imidazole-4-yl-acetic acid /v-methyl-O-methylcarboxamide (1 0 g yield 
90%); 1 H NMR (CDCI 3 )87.91 (s. 1H), 7.77 (d, 8.4 Hz, 2H), 7.31 (d, 8.4 Hz, 2H)'7 30 (s 
-■H), 3.70 (s, 2H), 3.64 (s, 3H), 3.16 (s, 3H), 2.38 (s, 3H); 13C NMR (CDCI3) 6 170.4, 
145.8, 137.9, 135.5. 134.4, 130.0. 126.9. 114.9. 60.9, 31.7. 31.3. 21.2. 



Example 43c 

{4-f1-(4-t9lyenesulfQnvl)imidaZ0le-4.vnacfttamidol.2-nh»n y lben2o V nmPthi O nin 6 mpthyl 

ester 

To a suspension of A/-(4-toluenesulfonyl)imidazole-4-yl-acetic acid /v-methyl-O- 
methylcarboxamide (100 mg, 0.357 mmol), prepared as in Example 43B was added 
diisopropylethylamine (125 uL) and tetramethylfluoroformamidinium 
hexafluorophosphate (94 mg, 0.357 mmol, prepared as described in J. Am. Chem. Soc. 
1995, 777, 5401-5402). The mixture was stirred for 5 minutes and then 4-amino-2- 
phenylbenzoylmethionine methyl ester hydrochloride (compound 8, 140 mg. 0.355 mmol) 
and diisopropylethylamine (65 uL) was added. After 5 hours, the reaction was worked 
up. The crude product was recrystallized from methylene chloride and hexane to give {4- 

[1 -(4-toluenesulfonyl)imidazole-4-ylacetamido]-2-phenylbenzoyl}methionine methyl ester 
(92 mg, yield 41%); m.p. 202-203 °C; ^H NMR (CDCI3) 8 9.27 (s, 1H, amide). 8.04 (s. 
1H. imidazole), 7.85 (d. J=8.2 Hz. 2H. tolyl), 7.70 (d, J=8.5 Hz, 1H), 7.61 (d, J=8.5 Hz. 
1H). 7.49 (s, 1H). 7.45 (m. 5H). 7.36 (d. J=8.2 Hz, 2H, tosyl), 7.19 (s, 1H. imidazole), 
5.83 (d, J=7.6 Hz, 1H, amide), 4.62 (ddd. J=7.1 Hz, 1H, Met a H), 3.65 (s, 3H. OCH 3 ). 
3.62 (s. 2H, acetyl), 2.44 (s. 3H, tosyl), 2.07 (t. J=7.5 Hz, 2H. CH 2 S). 2.00 (s, 3H. SCH 3 ) 
1.84-1.93 (m. 1H, Met CH 2 ). 1.64-1.76 (s, 1H, Met CH 2 ); 13 C NMR (CDCI3) 5 172.4. 
169.2, 168.2, 146.6, 140.4. 140.2, 138.7. 134.3, 131.1. 130.7, 129.0. 128.4, 128.2, 
127.4, 127.3. 120.3, 117.3. 1 15.5. 52.1. 51.3, 36.1, 30.0, 29.6, 21.2, 14.5. 
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Example 43D 

[4-1 1 H-imidazQle-4-vlacetamido^2-phenvlbenzoyl1met h ionine trif lunr^ ^^ 

{4-[ 1 -(4-toluenesulfonyl)imidazole-4-ylacetamido]-2-phenylbenzoyl}methionine 
methyl ester (33 mg, 0.053 mmol), prepared as in Example 43C was dissolved in a 
mixture of THF (4 mL) and 0.5 N NaOH (0.6 mL). The mixture was stirred at 0 °C for 2 
hours and then evaporated. The residue was acidified with 1 N HCl and the aqueous 
solution was lyophilized to give a solid mixture. This mixture was purified by preparative 
HPLC (C18, acetonitrile-water) to give 4-(1H-imidazole-4-yl)acetamido-2- 
phenylbenzoyl)methionine as a trifluoroacetate salt (17.6 mg, 55% yield); 1 H NMR 
(CD 3 OD) 58.85 (s, 1H. imidazole), 7.67 (s, 1H, imidazole), 7.64 (d. J=8.1 Hz, 1H, 
aminophenyl), 7.52 (d. J=8.1 Hz, 1H, aminophenyl), 7.46 (s, 1H, aminophenyl), 7.33- 
7.40 (m, 5H, phenyl), 4.48 (dd. J=4.0, 5.5 Hz, 1H, Met a H), 3.96 (s. 2H, acetyl), 2.15- 
2.22 (m, 1H). 2.01-2.11 (m, 1H), 2.00 (s, 3H), 1.85-1.99 (m, 1H). 1.76-1.81 (m. 1H). 




HCl 0 ^ 

Example 44 

f4-( 1 H-imidazole-4-vlethvlaminQW2-Phenvlben zovnmethionine hvdrochlnririft 

Example 44A 

(4-f1-(4-toluenesulfonvnimidazole-4- v lethvlamino1-2-ph e nvlbenzovUmethionine methyl 

ester 

A/-(4-toluenesulfonyl)imidazole-4-yl-aceticacid /V-methyl-O-methylcarboxamide 
(1.86 g, 5.77 mmol), prepared as in Example 174B, was dissolved in 15 mL of THF and 
15 mL of ether. This solution was cooled to -78 °C and LiAIH 4 (215 mg, 5.81 mmol) was 
added. The mixture was stirred for 20 minutes and then worked up with 1 N HCl. The 
mixture was extracted with ether. The ether solution was washed with concentrated 
sodium bicarbonate and dried. After evaporating solvents, a crude solid was obtained 
(1.61 g). 1H NMR showed it contained 28% aldehyde. 20% unreacted carboxamide and 
50% of destosylated side product. This mixture was dissolved in 20 mL of methanol and 
1 mL of acetic acid. 4-Amino-2-phenylbenzoyl methionine methyl ester hydrochloride 
(compound 8. 640 mg, 1.62 mmol) was added to the above solution and the reaction was 
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stirred at ambient temperature. After 15 minutes, sodium cyanoborohydride (152 mg, 

2.42 mmol) was added. The mixture was stirred for 1 5 hours and then evaporated. The 
residue was extracted with concentrated sodium bicarbonate and methylene chloride. 
The methylene chloride solution was dried and evaporated. The residue was purified by 
flash column chromatography (ethyl acetate-hexane 4:1) to give {4-[1-(4- 

toluenesulfonyl)imida2ole-4.yiethylamino]-2-phenylben 2 oyl}methionine methyl ester as a 
fluffy solid (500 mg, 51%); [a]25 D = +0 .60 (c =1.10, CDCfe); 1 H NMR (CDCI3) 8 7.95 (s 
1H, imidazole), 7.79 (d, J=8.0 Hz. 2H, tosyl), 7.68 (d, J=8.5 Hz. 1H, aminophenyl). 7.37- 
7.45 (m, 5H), 7.33 (d. J=8.0 Hz. 2H. tosyl), 7.05 (s, 1H, imidazole), 6.57 (d. J=8.5 Hz. 
1H, aminophenyl). 6.41 (s. 1H, aminophenyl). 5.66 (d, J= 7.6 Hz. 1H. amide), 4.61 (ddd 
J=5.2. 7.2 and 7.6 Hz. 1H. Met a H). 4.46 (t. J=5.6 Hz. 1H. amine). 3.67 (s. 3H. OCH 3 ). 

3.43 (q. J=6.3 Hz. 2H. ethylene). 2.82 (t. J=6.4 Hz. 2H. ethylene). 2.43 (s, 3H). 2.08 (t 
J=7.7 Hz. 2H, CH 2 S), 2.00 (s. 3H, SCH 3 ), 1.82-1.90 (m, 1H). 1.58-1.70 (m 1H) 13 C 
NMR (CDCI 3 )5 171.8, 168.3. 149.4, 146.1, 142.3, 141.5, 141.0. 136.1. 134.5, 131.0, 
130.2. 128.5, 128.3, 127.5, 127.1, 122.3. 1 13.7, 113.6. 111.0. 52.0. 51.5. 42.2. 31 5 
29.3,27.2.21.5.15.0. 



Example 44R 

f4-(1H-ipiidaZ0l0-4-vlethvlamino-^-phen V lh«n^ v nmethionine hydrochloric 

{4-[l-(4-toluenesulfonyl)imidazole-4-ylethylaminoJ-2-phenylbenzoyl}methionine 
methyl ester (303 mg. 0.50 mmol). prepared as in Example 44A. was dissolved in a 
mixture of THF (4 mL) and 0.5 N NaOH (4.0 mL). The mixture was stirred at 0 °C for 2 
hours and then evaporated. After acidification with 1 N HCI, the aqueous solution was 
lyophilized. The crude solid was purified by reverse phase preparative HPLC to give a 
trifluoroacetate salt (140 mg. 51%). This trifluoroacetate salt was dissolved in 1 N HCI 
and the aqueous solution was lyophilized to give (4-(lH-imidazole-4-ylethylamino-)2- 
phenylbenzoyljmethionine hydrochloride; [a]25 D - .25.5 (c = 1.1, H 2 0); 1 H NMR 
(CD3OD) 68.79 (s. 1H. imidazole), 7.48 (d, J=8.4 Hz. 1H), 7.32-7.39 (m, 6H). 6.84 (d, 
J=8.4 Hz, 1H), 6.77 (s, 1H), 4.45 (dd. J=4.1 and 5.1 Hz. 1H. Met a H), 3.58 (t, J= 7.0 
Hz. 2H), 3.08 (t, J=7.0 Hz. 2H), 2.16-2.24 (m. 1H). 2.05-2.14 (m. 1H). 2.00 (s. 3H) 1 92- 
1.98 (m, 1H), 1.72-1.85 (m, 1H); 13 C NMR (CD3OD) 6 174.8. 172.4. 145.1, 143.5. 141.3. 
134.9, 131.8. 131.3, 130.9. 129.7. 129.6, 129.0, 119.7, 1 18.1, 1 16.6, 53.0 46 5 31 6 
31.0, 24.2. 15.0. 
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Example 45 



f4-f1H-imidazQle-4-vlethvlamino)-2-Dhenvlbenzovnmftthi o nine methvl Pster hydrnrhinriH o 

{4-[1-(4-toluenesulfonyl)imida20le-4-ylethylamino-l2-phenylben2oyl}methionine 
methyl ester (90.2 mg, 0.1488 mmol), prepared as in Example 44A, was dissolved in 5 
mL of THF. To this solution was added 3-hydroxy-1,2.3-benzotriazin-4(3H)-one (80.4 
mg, 0.5956 mmol) and the mixture was stirred at ambient temperature. After 2 hours. 
TLC showed the disappearance of starting material. The solution was evaporated and 
the residue was extracted with ethyl acetate and 1 N HCl. The aqueous solution was 
neutralized with 1 N NaOH to pH 8.5 and then extracted with ethyl acetate. After 
evaporating solvents, the residue was dissolved in 1 N HCl and the solution was 
lyophilized to give [4-(1H-imidazole-4-ylethylamino)-2-phenylbenzoyl]methionine methyl 
ester hydrochloride (62.6 mg, yield 80%); [a] 2 ^ = -34.0 (c = 1.50, H 2 0); 
1 H NMR (CD 3 OD) 68.82 (s, 1H, imidazole), 7.53 (d, 1H, J=8.4 Hz, aminophenyl), 7.35- 
7.46 (m, 6H, imidazole and phenyl), 7.07 (d. 1H, J=8.4 Hz, aminophenyl), 7.01 (s. 1H. 
aminophenyl), 4.50 (dd, J=4.0 Hz. 1H, Met a H). 3.70 (s, 3H, OCH 3 ), 3.65 (t, J«7.1 Hz. 
2H, ethylene), 3.15 (t, J=7.1 Hz, 2H, ethylene), 2.14-2.23 (m, 1H), 2.04-2.12 (m, 1H), 
1 .99 (s, 3H, SCH3), 1 .89-1 .96 (m, 1 H), 1 .73-1 .82 (m, 1H); 13 C NMR (CD3OD) 8 1 73.6. 
172.2. 143.7, 143.3. 140.9. 135.2, 132.8, 131.4, 131.3, 129.8, 129.7, 129.1, 121.2. 
118.2, 118.1, 53.0, 52.8. 47.6. 31.3, 30.8, 23.8. 15.0. 



WO 97/17070 




PCT/US96/17092 



99 



H 




Example 46 

[4-f 1 ~Methylimi(jarolft.4-vlacetamido-)2-DhenvlhPn 2ovl1methiQnine trif lunrr^ r p^p 

Example 4fiA 

f4-f 1 •Methylimi<jarolO-4»vlacetamido)-2-phenvlhen TO V nmethionine methvl estar 
4-Amino-2-phenylben2oyl methionine methyl ester hydrochloride (compound 8. 
111.8 mg, 0.2833 mmol) and A/-methylimidazole-4-yl-acetic acid hydrochloride (50 mg, 
0.2832 mmol) were suspended in 10 mL of methylene chloride. To this solution was 
added diisopropylethylamine (197 ul, 4.0 eq) and Obenzotriazol-l-yl-A/.A/.A/'.A/'- 
tetramethyluroniumhexafluorophosphate (107.4 mg, 0.2833 mmol). After stirring at 
ambient temperature for 2 days, the reaction was worked up by washing with dilute HCI 
(PH = 3.0) and concentrated sodium bicarbonate. After evaporating solvents, the 
residue was purified by flash column chromatography (CH 2 CI 2 -Methanol. 10:1) to give 
[4-(l-Methylimida2ole-4-ylacetam.do)-2.phenylbenzoylJmethionine methyl ester (106 mg, 
78%); m.p. 69-70 °C; 1 H NMR (CDCI 3 ) 89.89 (s, 1H, amide), 7.67 (d, J=8.4 Hz, 1H), 
7.60 (d, J=8.4 Hz, 1H), 7.55 (s, 1H), 7.46 (s, 1H, imidazole), 7.34-7.42 (m, 5H), 6.81 (s, 
1 H. imidazole), 5.90 (d, J=7.7 Hz. 1H, amide), 4.63 (ddd, J=5.1, 7.3 and 7.7 Hz. 1H, 
Met a H), 3.72 (s. 3H, OCH3). 3.64 (s, 5H, N-methyl and imidazole acetyl), 2.10 (t. jL 7.6 
Hz. 2H), 1.98 (s, 3H), 1.83-1.94 (m, 1H), 1.66-1.75 (m, 1H); 13q NMR (CDCI3) 5 171.7. 
169.0, 168.9, 140.3, 140.1, 139.8. 137.3, 135.3, 129.6, 129.3. 128.5. 128.3. 127.5. 
120.6. 118.5. 118.0. 52.1. 51.6, 36.3, 33.3, 30.8, 29.4, 15.0; LRMS (El) for C25H28O4N4S 
480 (M+. 20), 406 (100), 318 (50); HRMS (El) calcd 480.1813. obsd 480.1829. 

Example 46B 

f4-(1.MethYlimidarolft-4-vlacetamido-^2-phenvlhen 7ovllmethinnine trifluoroaratfltP 
4-[l-Methylimidazole-4-yl]acetamido-2-phenylbenzoyl]methionine methyl ester (70 
mg. 0.1458 mmol), prepared as in Example 46A, was dissolved in a mixture of THF (2.0 
mL) and 0.5 N LiOH (0.5 mL). The mixture was stirred at 0 °C for 1 hour. After 
evaporating solvents, the residue was acidified with 1 N HCI. The aqueous solution was 
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lyophilized and the crude solid was purified by reverse phase preparative HPLC to give 
[4-(l-Methylimidazole-4-ylacetamido-)2-phenylbenzoyl]methionine as a TFA salt (50 mg, 
60%). 1 H NMR (CD 3 OD) 8 8.83 (s t 1H, imidazole), 7.66 (s. 1H, imidazole). 7.64 (d, J= 
8.5 Hz, 1H). 7.52 (d. J=8.5 Hz. 1H). 7.48 (s, 1H), 7.32-7.43 (m, 5H), 4.48 (dd, J=4.1 and 
9.5 Hz, 1H, Met a H), 3.92 (s, 5H, N-methyl and imidazole acetyl), 2.13-2.22 (m. 1H), 
2.00-2.10 (m, 1H), 2.00 (s, 3H), 1.94-2.00 (m, 1H), 1.72-1.84 (m, 1H); ™C NMR 
(CD3OD) 8 174.9, 172.8, 168.2, 142.4. 141.4. 141.2, 136.7, 132.7, 130.0, 129.7, 129.5. 
129.4, 128.8. 122.8. 122.2, 119.2. 53.0, 36.1, 33.0. 31.5. 31.0, 15.0. 




Example 47 

f4-(1H-1-Methvlimida7ole^-vlac8tamido)-2-f2-methv lDhenvnbenzovnmethiQnin ft 

trifluoroacetate 

Example 47A 

4-nrtro-2-(2-methvlDhenvnben2oic acid methvl ester 
The coupling of 4-nitro-2-bromobenzoic acid methyl ester with 2- 
methylphenylboronic acid in DMF at 100 °C in the presence of Pd(PPh 3 ) 4 (1.5 % eq) and 
Na3P04 (2.5 eq) gave 4-nitro-2-(2-methylphenyl)benzoic acid methyl ester as a colorless 
oil (43% yield after column chromatography purification 6:1 = hexane / ethyl acetate). 1 H 
NMR (CDCI3) 5 8.26 (d. J=8.6Hz. 1H),8.13(s, 1H). 8.08 (d, J=8.6 Hz. 1H). 7.21-7.34 
(m. 3H), 7.06 (d. J=7.5 hz, 1H), 3.65 (s, 3H), 2.09 (s. 3H); ™C NMR (CDCI3) 6 165.8. 
148.5, 143.5. 138.5, 135.9, 134.6, 130.5, 129.3. 127.9, 127.7. 125.1. 121.5. 51.8. 19.3 
(expect 12 aromatic C, observed 11); LRMS (El) 271; HRMS (El) calcd for C 15 H 13 N0 4 
271.0844, obsd 271.0852. 
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Example 47B 
4-nitro-2-(2-methvlDhenyim enzoicacid 
4-Nitro-2-(2-methylphenyl)benzoic acid methyl ester, prepared as in Example 
178A. was saponified using aqueous NaOH-CH 3 OH to give 4-nitro-2-(2- 
methylphenyl)benzoic acid; HRMS calcd forC 14 HnN0 4 257.0688, obsd 257.0699. 

Example 47P 

f4-NitrQ>-2-f2-rn9thvlPhenvnbenzovl1methioninP methvl ester nvdrochlnririfl 
4-Nitro-2-(2-methylphenyl)benzoic acid (2.31 g, 9 mmol), prepared as in Example 
47B, was coupled with L-methionine methyl ester (1.0 eq) in the presence of ethyl 
dimethylaminopropyl carbodiimide hydrochloride (EDCI, 1.0 eq) and 3-hydroxy- 1,2.3- 
benzotriazin-4(3H)-one (HOBT. 1 .0 eq) to give [4-nitro-2-(2- 

methylphenyl)benzoyl]methionine methyl ester as a pale yellow oil (3.54 g, 98% yield); 
1 H NMR showed diastereomers due to restricted carbon-carbon bond rotation; "> H NMR 
(CDCI 3 ) 8 8.26-8.30 (d, J= 8.5 Hz, 1 H), 8.1 0 (s, 1 H), 8.03-8.09 (m, 1 H), 7.27-7.42 (m, 3.5 
H), 7.18 (d, J= 7.4 Hz, 0.5 H), 6.03 (br, 1H, amide), 4.59-4.67 (m, 1H), 3.67 (s. 3H), 2.23 
(s, 1.5H, PhCH 3 ), 2.06 (s, 1.5 H, PhCH 3 ), 1.98-2.03 (m, 5H), 1.81-1.93 (m, 1H), 1.59- 
1.69 (m, 1H). 



Example 47D 

f4-aminp-2-(2-mfithvlPhenvl)benyovl1methionine m ethvl ester hvrimrhm r ^ ? 

[4-Nitro-2-(2-methylphenyl)benzoyl}methionine methyl ester was reduced to a 
corresponding amine by stannous chloride in ethyl acetate at 78 °C. The free amine was 
treated with methylene chloride and 3 N HCI in ether to give [4-amino-2-(2- 
methylphenyl)benzoyl]methionine methyl ester hydrochloride (85% yield); [a]25 D = -28.3 
(c = 1.0, methanol); ""H NMR (CD3OD) 87.74 (d. J=8.2 Hz. 1H), 7.47 (d, J=8.2 Hz. 1H). 
7.23-7.30 (m. 5H), 4.47 (m, 1H), 3.69 (s, 3H), 2.06-2.18 (m. 4 H), 1.99 (s. 3H). 1.95-1 .97 
(m. 2H), 1.74 (m, 1H); 13 C NMR (CD3OD) 8 173.3, 170.8. 143.3. 139.7. 138.1. 137.2. 
133.5, 131.4, 130.8. 130.6. 129.6. 128.8, 126.2. 123.1. 66.9. 52.9. 31.5, 30.8, 20.4. 15.1. 

Example 47E 

[4-(.H-1-Methy|imic|azple-4. Y lacetamido)-?-f?-methvlph e nyn b enzovllmethinninp moth y . 

ester 

The desired compound was prepared by coupling of 4-amino-2-(2- 
methylphenyl)benzoylmethionine methyl ester hydrochloride, prepared as in Example 
47D, with N-methylimidazole-4-yl-acetic acid according to the method of Example 178C 
(yield 58%. purified by column chromatography (10:1 CH2CI2-CH3OH); m.p 69-70 °C; 
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[a]25 D = + 17.5 (c = 4.4, CHCI 3 ); 1 H NMR (CDCI3) 59.91 (s, 1H), 7.90-7.99 (m, 1H), 
7.65 (m, 1H). 7.45 (s. 1H), 7.40 (d, J=6.2Hz. 1H). 7.26-7.31 (m, 3H), 7.15-7.20 (m. 1H). 
6.79 (s. 1H), 5.86 (d. J=7.1 Hz, 1H amide), 4.56-4.64 (m. 1H), 3.67 (s. 4H), 3.64 (s. 4H). 
2.17 (s. 1.5 H. PhCH 3 ), 1.93-2.05 (m, 6.5 H), 1.80-1.89 (m, 1H), 1.51-1.61 (m, 1H); 13 C 
NMR (CDCI 3 )8171.7, 171.6, 168.7, 167.1, 166.7, 140.5, 140.4, 140.1, 139.8. 137.5. 
136.0. 135.5, 130.5, 130.3, 128.9, 128.7. 128.5, 128.1, 128.0, 126.0. 125.9, 120.5. 
118.2. 118.1. 52.1, 51.5. 51.4, 36.4, 33.2. 31.3, 29.1, 19.7, 15.0 (diastereomers shown in 
NMR data are due to restricted carbon-carbon bond rotation); HRMS calcd for 
C26H30O4N4S 494.1988, obsd 494.1986. 

Example 47F 

f4-(1H-1-Methvlimidazole-4-vlacetamido\.3-/2-me thvlPhenvhbenzovnmethioninft 

trifluoroacetate 

[4-(1H-1-Methylimidazole-4-ylacetamido)-2-(2-methylpheny!)benzoyl]methionine 
methyl ester (72 mg, 0.1472 mmol) was saponified using 0.5 N LiOH (0.58 mL, 0.29 
mmol) in 2.0 mL of THF as described in Example 177B. The acid was purified by 
reverse phase preparative HPLC to give [4-(1-methylimidazole-4-ylacetamido)-2-(2- 
methylphenyl)benzoyl]methionine trifluoroacetate (70 mg, 87% yield); 1 H NMR showed 
a complex due to diastereomers caused by restricted bond rotation; 1 H NMR (CD3OD) 8 
8.81 (s. 1H), 7.68 (m. 2H), 7.46-7.49 (m, 2H), 7.25 (m, 4H), 4.43 (m. 1H). 3.91 (m. 5H), 
2.08-2. 1 7 (m, 4H), 1 .94-1 .99 (m. 5H), 1 .69 (m, 1 H). 




0 > 
Example 48 

f4-( 1 -H-imidazole-4-vlmethvlaminp)-2-Dhenvlbe nzovl]methionine trifluoroacetate 

Example 48A 
4-Hvdroxvmethvl- 1 -p-toluen esulfonylimidazole 
4-Hydroxymethylimidazole hydrochloride (1 .0 g, 7.4 mmol) and p-toluenesulfonyl 
chloride were suspended in 1 mL. of distilled water and 3 mL of THF. Sodium hydroxide 
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(1N) was added and the pH of approximately 9 was maintained over a period of 3 hours. 
The reaction mixture was extracted with diethyl ether (3X50 mL). The extracts were 
combined, dried over magnesium sulfate and concentrated. The residue was purified by 
flash chromatography (100% ethyl acetate) to give 4-hydroxymethyM-p. 
toluenesulfonylimidazole (1.1 g, 58%) as a white solid; m.p. 109-1 12°C; 1h NMR (300 
MHz, CDCI 3 ) 6 7.98 (s, 1H, imidazole), 7.82 (d, J=8.4 Hz. 2H), 7.34 (d, J=8.3 Hz, 2H) 
7.22 (s. 1H), 4.51 (s, 2H, CH2OH), 2.42 (s. 3H, CH 3 ); 13q NMR (75 MHz. CDCI3) 6 
146.68. 144.68, 136.82, 134.72. 130.58. 127.54. 114.28, 57.66, 21.82; MS m/e calc'd for 
: 252.0569. found 252.0576. 



Example 4ftB 

( 1 H-1 •P-tQluenesulfonvlimida7Qlft^.yl ^carboxaldehvriP 
4-Hydroxymethyl-l-p-toluenesulfonylimidazol (0.7 g. 2.8 mmol). prepared as in 
Example 48A, was dissolved into 7 mL. of methylene chloride and manganese (IV) oxide 
(2.0 g, 23 mmol) added. The reaction mixture was stirred at room temperature under a 
nitrogen atmosphere for 20 hours. The reaction mixture was filtered through a celite pad. 
the pad rinsed and the combined filtrates were evaporated. The residue was purified by 
flash chromatography (2:3 ethyl acetate/hexanes) to give (1-p-toluenesulfonylimidazole- 
4-yl)carboxaldehyde (0.45 g. 64 %) as a white solid.: 1 H NMR (300 MHz. CDCI3) 6 9.79 
(s. 1H). 8.00 (s. 1H). 7.87 (s. 1H), 7.81 (d. J=8.2 Hz. 2H), 7.33 (d. J=B.O Hz. 2H). 2.38 (s, 
3H); MS m/ecalc'd for : 250.0412, found 250.0419. 



Example d&C 

[4.f.lH-1.p-tO»UenPff(llfonv|imidazole-4.vlmethvamin Q -9.nh e nvlben7oyl)mothin n ino 

methvl ester 

(1-p-toluenesulfonylimidazole-4-yl)carboxaldehyde (0.10 g, 0.4 mmol), prepared 
as in Example 48B, and 4-amino-2-phenylbenzoyl-methionine methyl ester hydrochloride 
(0.16 g, 0.4 mmol) were dissolved in 10 mL. of 95% methanol and 5% acetic acid and 
stirred for 15 minutes. Sodium cyanoborohydride (0.05 g. 0.8 mmol)was added and the 
reaction was stirred for 0.5 hour. Twice during this time additional (1-p- 
toluenesulfonylimidazole-4-yl)carboxaldehyde (0.165 g, 0.66 mmol) and sodium 
cyanoborohydride (0.83 g, 1 .3 mmol) were added. The reaction was stirred at room 
temperature under a nitrogen atmosphere for 16 hours. The reaction mixture was 
concentrated and the residue was taken up in ethyl acetate and washed with a saturated 
solution of sodium bicarbonate. The organic phase was dried over magnesium sulfate 
and concentrated. The residue was purified by flash chromatography (3:2 ethyl 
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acetate/hexanes) to give [4-(-1H-1-p.Toluenesulfonylimidazole-4-ylmethyamino-2- 
phenylbenzoyljmethionine methyl ester (0.075 g, 7.5%) as a white solid; 1 H NMR (300 
MHz, CDCI3) 6 7.97 (s, 1H. Imidazole), 7.79 (d, J=8.2 Hz, 2H). 7.65 (d, J=8.4 Hz. 1H). 
7.41-7.34 (m, 8H), 7.18 (s, 1H. Imidazole), 6.60 (d, J=6.5 Hz. 1H), 6.46 (s, 1H,), 6.46 (s. 
1H), 5.71 (d, 7.65 1H), 4.62 (dd, J=6.14, 6.21 Hz, 1H), 4.27 (s. 2H), 3.64 (s, 3H), 2.44 (s. 
3H), 2.10 (t, J=7.56 Hz, 2H), 2.00 (s, 3H), 1.93-1.82 (m, 1H), 1.69-1.60 (m, 1H). 

Example 4fln 

f4-(1-H-imidazole-4-vlmethvlamino^2-phenvlhen7r r qme thionine trifluoroarPt^ P 
The [4-(-1 H-1-p-toluenesulfonylimidazole-4-ylmethyamino-2- 
phonylbenzoyljmethionine methyl ester (0.075 g, 0.13 mmol), prepared in Example 48C, 
was dissolved into 2 ml_. of THF and cooled to 0°C. Lithium hydroxide (2 mL 0.5M) was 
slowly added and the reaction mixture was stirred for 4 hours. The pH was adjusted to 4 
with 1 N HCI and the THF was removed under vacuum. The aqueous layer was 
lyophilized and the resulting solid was purified by reverse phase preparative HPLC 
(Waters 25X10 cm, C-18 column, 220 nm UV detector, flow rate 15 mL/min, linear 
gradient from 5% acetonitrile and 95% water containing 0.1% TFA to 60% acetonitrile in 
40 minutes) to give {4-(1-H-imidazole-4-ylmethylamino)-2-phenylbenzoyl]methionine 
trifluoroacetate as a white solid (0.03 g, 52%); 1 H NMR (300 MHz, DMSO-d6) & 14.44 
(brs, 2H), 12.60 (s, 1H), 9.01 (s, 1H), 8.07 (d, J=7.8 Hz, 1H),7.56(s, 1H), 7.30-7.24 (m, 
8H), 6.65 (d, J=9.2 Hz, 1H), 6.59 (s, 1H), 4.41 (s, 2H), 4.25-4.18 (m, 1H, aCH Met.), 
2.27-2.14 (m, 1H), 1.98 (s, 3H), 1.86-1.75 (m, 1H). 
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Example 49 

f4-(1-H-2-M9thYlimi(Jazple^-v| m ethvlamino^2-Phenvlh ft n7n V |lmethioninp thfluoroarat^ p 

Example 49A 

4-Hvdroxvm6thvl.2.methyiiiT||ri^ rff | ft 
1 ,3-Dihydroxyacetone (6.2 g, 50 mmol) and ethyl acetimidate hydrochloride (4.5 g, 
50 mmol) were added to an autoclave to which 50 mL of liquid ammonia was added. 
The apparatus was sealed and heated (68-70© C) with stirring for 4 hours. After cooling 
the reaction mixture was extracted with hot acetonitrile which upon cooling formed a 
precipitate which was collected to give 4-hydroxymethyl-2-methylimidazole (2.3 g, 41%) 
1 H NMR (300 MHz, CDCI3) 6 6.75 (s, 1 H), 4.50 (S, 2H), 2.35 (s, 3H); 1 3q NMR (75 
MHz. CDCI3) 8 143.48, 135.98, 116.25, 55.59, 12.95. 



Example 49R 

4-HvdrQxvmethvl-?-methvl-1-p-toluen esulfonvlimida7nlP 
4-Hydroxymethyl-2-methylimidazole (0.7 g, 6.25 mmol), prepared as in Example 
49A, and p-toluenesulfonylchloride (1.2 g, 6.25 mmol) were suspended in 5 mL of 
distilled water and 3 mL of THF. Sodium hydroxide (1N) was added to maintain a pH of 
9 over a period of 3 hours. The reaction mixture was extracted with ethyl acetate (3X50 
mL.). The extracts were combined, dried over magnesium sulfate , concentrated and 
crystallized from ethyl acetate, collected by vacuum filtration and dried- to give 4- 
hydroxymethyl-2-methyl-l.p.toluenesulfonylimidazole (0.5 g, 35%) as a white solid- m p 
140-143°; 1H NMR (300 MHz. CDCI3) 6 7.78 (d, 8.25 2H), 7.36 (d, J-8.25 Hz. 2H). 7.33 
(s. 1H). 4.49 (s. 2H), 2.50 (s, 3H). 2.45 (s. 3H); 13c NMR (75 MHz. CDCI3) 8 146.38, 
140.96. 134.85. 130.51. 127.57. 116.05, 57.37, 21.84, 15.02; MS m/e calc'd: 266.0725. 
found: 266.0714. 



WO 97/17070 




PCT/US96/17092 



106 
Example 49C 

(2-Methvl-1.f>toluenesulfonvlimidazol e-4.vn-carboyalriAhy^ fi 
4-Hydroxymethyl-2-methyl-1-p-toluenesulfonylimidazole (0.75 g, 2.8 mmol), 
prepared as in Example 49B, was dissolved into 10 mL of methylene chloride and 
manganese (IV) oxide (2.0 g, 23 mmol) added over an 8 hour period. The reaction 
mixture was stirred at room temperature for an additional 16 hours. The reaction mixture 
was filtered through a celite plug and concentrated to leave a slightly yellow oil. The 
residue was crystallized from ethyl acetate, collected and dried to give (2-methyM-p- 
toluenesulfonylimidazol-4-yl)carboxaldehyde (0.44 g, 59%) as a white solid; mp 106- 
109O C; 1 H NMR (300 MHz, CDCI3) 69.82 (s, 1H), 8.09 (s, 1H), 7.84 (d, J=7.53, 2H), 
7.42 (d. J=7.44, 2H), 2.56 (s, 3H), 2.48 (s. 3H); 13C NMR (75 MHz. CDCI3) 6 184.95. 
147.32, 139.63, 133.81, 130.83. 127.94, 125.35,21.93, 15.18. 

Example 49D 

\A-l 1 H-2-Methvl-1 .p-toluenesulfQnvlimid a2Q|.4.vlmethvlaminoW2. 
Phenvlbenzovllmethionine methvl ester 
(2-Methyl-1-p-toluenesulfonylimidazoM-yl)carboxaldehyde (0.10 g, 0.38 mmol), 
prepared as in Example 49C, and 4-amino-2-phenylbenzoyl-methionine methyl ester 
hydrochloride (0.037 g, 0.09 mmol) were dissolved in 10 mL. of 95% methanol and 5% 
acetic acid and stirred for 15 minutes. Sodium cyanoborohydride (0.048 g, 0.76 mmol) 
was then added and the reaction was stirred for 0.5 hour. Additional (2-Methyl-l-p- 
toluenesulfonylimidazol-4-yl)carboxaldehyde (0.10 g, 0.038 mmol) and sodium 
cyanoborohydride (0.048 g, 0.076 mmol) were then added, followed by 4-amino-2- 
phenylbenzoylmethionine methyl ester hydrochloride (compound 8, 0.037 g, 1 .7 mmol). 
Additional carboxaldehyde (0.24 g, 0.91 mmol) and 4-amino-2-phenylbenzoylmethionine 
methyl ester hydrochloride (0.180 g, 0.46 mmol) were then added and the reaction was 
stirred at room temperature for 0.5 hour. The reaction mixture was concentrated and the 
residue taken up in ethyl acetate and washed with a saturated solution of sodium 
bicarbonate. The organic phase was dried over magnesium sulfate and concentrated. 
The residue was purified by flash chromatography (4:1 ethyl acetate/hexanes) to give [4- 

(1H-2-methyl-1-p-toluenesulfonylimidazol-4-ylmethylamino)-2-phenylbenzoyl)methionine 
methyl ester (0.185 g, 47%) as a white foam; 1 H NMR (300 MHz, CDCI3) 5 7.73 (d, 
J=8.28 Hz. 2H), 7.67 (d, J=8.52 Hz, 2H), 7.42-7.27 (m, 7H), 6.62 (dd, J=7.23, 2.25 Hz. 
1H). 6.49 (d, J=2.25 Hz, 1H), 5.71 (d, J=7.59 Hz, 1H), 4.66-4.59 (m, 1H, aCH Met.), 4.55 
(t, J=5.46 Hz. 1H), 4.22 (d, J=5.34 Hz, 2H), 3.65 (s, 3H), 2.62 (s, 3H), 2.50 (s, 3H), 2.10 
(t, J=7.65 Hz. 2H), 2.01 (s, 3H), 1.94-1.78 (m, 1H), 1.72-1.60 (m, 1H); 13c NMR (75 
MHz, CDCI3) 8 172.26, 168.67, 149.40, 146.34. 141.62, 141.30, 138.38, 134.99, 131.44. 
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130.58. 128.95. 128.83. 128.02. 127.50. 123.54, 116.28. 114.45. 111.67. 52.51. 5201 
41.45,31.68.29.71.21.91.15.49,15.35. 



Example 4QF 

r4-(i-H-2-Mftthyiimitoi-4-v^ 

[4-( 1 H-2-methyl- 1 -/>toluenesulfonylimidazol-4-ylmethylamino)-2- 
phenylbenzoyl]methionine methyl ester (0.1 g, 0.165 mmol). prepared as in Example 
49D, was dissolved in 2 mL of THF and cooled to 0°C. Lithium hydroxide (2 mL. 0.5M) 
was slowly added and the reaction mixture was stirred for 6 hours. Aqueous HCI (3 mL. 
0.5M) was added and excess THF removed under vacuum. The aqueous layer was 
lyophilized and the resulting solid was purified by reverse phase preparative HPLC 
(Waters 25X10 cm, C-18 column, 220 nm UV detector, flow rate 15 mL/min, linear 
gradient from 5% acetonitrile and 95% water containing 0.1% TFA to 60% acetonitrile in 
40 minutes) to give [4-(1-H-2-methylimidazol-4-ylmethyamino)-2- 
phenylbenzoyljmethionine trifluoroacetate as a white solid (0.03 g, 52%); 1 H NMR (300 
MHz. CDCI 3 ) 6 14.12 (br, s, 1H), 13.92 (br. s. 1H). 12.55 (br s 1H). 8.06 (d. J=7.8 Hz. 
1H), 7.39 (s. 1H), 7.28-7.22 (m. 7H). 6.62 (d. J=8.7 Hz. 1H). 6.56 (s, 1H), 4.32 (s 2H) 
4.23-4.16 (m, 1H. aCH Met.), 2.49 (s. 3H). 2.29-2.12 (m. 2H). 1.96 (s. 3H), 1 .84-1 73 (m 
2H). 




Example fin 

f4-f(1-H-imidaZOl-4-yl)-3-prppvlcarbonvlamino^2-nhen y lbenzovllmAthinn.no 

tlifluoroacetfflfr 

Example soft 
frans-Urocanic aciri.m ft thy[ *fftftr 
Urocanic acid (0,6 g, 4.3 mmol) was suspended in methanol and HCI gas bubbled 
through so refluxing commenced for 1 hour After cooling the precipitate was collected by 
vacuum filtration, washed with hexanes and dried to give f/ans-urocanic acid-methyl 
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ester (0.74 g, 91%) as a white solid, m.p. 239-242°C; 1 H NMR (300 MHz. CDCI3) 5 
9.26 (s. 1H). 8.07 (s, 1H), 7.59 (d, J=16.3 Hz, 1H), 6.89 (d, J=16.2 Hz, 1H). 3.74 (s. 3H); 

Example 50B 
3-(1-H-lmidazol-4-vHDropanoic acid methvl ester 
Tirans-urocanic acid-methyl ester (0.6 g, 3.2 mmol) was dissolved in methanol (20 
ml_) and hydrogenated at room temperature using 10% Palladium on carbon (0.04 g) 
under a hydrogen atmosphere (40 psi) for 5.5 hours. The reaction mixture was filtered 
through a celite plug and concentrated. The residue was crystallized from ethyl ether, 
collected and dried to give 3-(1-H-imidazol-4-yl)propanoic acid methyl ester (0.56 g, 
93%) as a white solid; m.p. 105-108° C; 1 H NMR (300 MHz, CDCI3) 8 8.99 (s, 1 H). 7.40 
(s. 1H). 3.58 (s, 3H); MS m/e calc: 154.0742, found: 154.0750. 

Example 50C 

3-(1-H-1-TriDhenvlmethvlimidazol-4-yhpr oDanoic acid methvl ester 
To a solution of 3-(1-H-imidazol-4-yl)propanoic acid methyl ester (0.5 g, 2.6 
mmol), prepared as in Example 50B. and triphenylmethylchloride (0.73 g, 2.6 mmol) in 
10 mL of methylene chloride was added triethylamine (0.58 g, 5.2 mmol). The reaction 
mixture was stirred at room temperature for 3 hours. The organics were washed with 
distilled water, dried using magnesium sulfate and concentrated under vacuum. The 
residue was crystallized from ether and hexanes, collected by vacuum filtration and dried 
to give 3-(1H-1-triphenylmethylimidazol-4-yl)propanoic acid methyl ester (0.81 g, 79%) as 
a white solid; m.p. 140-141 C°; 1 H NMR (300 MHz. CDCI3) 8 7.39-7.30 (m. 10H), 7.15- 
7.77 (m. 6H), 6.55 (s, 1H), 3.62 (s, 3H), 2.87 (t, J=7.32 Hz, 2H), 2.66 (t. J=7.74 Hz. 2H) 

Example 50D 
3-( 1 H- 1 -Triphenvlmethvlimidaz ol-4-yhpropanoic acid 
To a 0 °C solution of 3-(1H-1-triphenylmethylimidazol-4-yl)propanoic acid methyl 
ester (0.6 g, 1 .5 mmol), prepared as in Example 50C, was slowly added lithium hydroxide 
(6 mL. 0.5M) and the reaction mixture was stirred for 2 hours. The THF was removed 
under vacuum and the aqueous layer was acidified using HCI (6 mL. 0.5M). A white 
precipitate which formed was collected by vacuum filtration and dried to give 3-(1H-1- 
triphenylmethylimidazol-4-yl)propanoic acid (0.53 g, 93%) as a white solid; m.p. 182-186' 
C; 1 H NMR (300 MHz, DMSO-d6) 8 7.40-7.38 (m, 9H), 7.26 (s, 1H), 7.09-7.07 (m. 6H), 
6.64 (s. 1H), 2.67 (t, J=6.66 Hz. 2H). 2.49 (t, J=6.78 Hz, 2H). 



Example 50E 
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[4-((i H-1 •TriDhenvlmethvlimida7ol-4- v n.3 . P roDvlcarfaQnvlamin^).p. 
Dhenvlbenzovl]methj 0 nine methyl efl er 
To a 0 °C solution of 3-(1H-1-triphenylmethylimidazol-4-yl)propanoic acid (0.5 g, 
1 .3 mmol), prepared as in Example 50D, ethyl dimethylaminopropyl carbodiimide 
hydrochloride (0.27 g, 1 .4 mmol). 3-hydroxy-l ,2.3-benzotriazin-4(3H)-one (HOBT, 0. 1 8 g, 
1 .3 mmol), and 4-amino-2-phenylbenzoy|.methionine methyl ester hydrochloride (0.52 g, 
1 .3 mmol) in 1 0 mL of methylene chloride, was added triethylamine (0.1 3 g, 1 .3 mmol) 
and the reaction mixture was stirred for 16 hours at room temperature under a nitrogen 
atmosphere. The reaction mixture was washed first with distilled water followed by 0.5N 
HCI. The organics were dried using magnesium sulfate and concentrated. The residue 
was purified by flash chromatography (19:1 chloroform/hexanes) to give [((1H-1- 

triphenylmethylimida2ol.4-yl)-3-propylcarbonylamino)-2.phenylbenzoyl]methionine methyl 
ester (0.38 g, 40%) as a white foam; 1H NMR (300 MHz, CDCI3) 8 9.96 (s, 1H), 7.70 (d. 
1H). 7.69-7.56 (m, 2H), 7.56-7.23 (m. 17H), 7.08-7.05 (m, 4H). 6.62 (s. 1H), 5.85 (d, 
J=7.68 Hz, 1H). 5.85 (d, J=7.68 Hz. 1H), 4.64 (dd, J=7.26. 6.23 Hz. 1H), 3.65 (s. 3H) 
2.95-2.91 (m, 2H), 2.81 -2.77 (m, 2H). 



Example 50F 

[4-(1H-imidazpl-4-yl)-3.prQpvlcarbonvlamino-2-phfln V ih^ n r ovnmethioninft trifluoroarefr fr 

To a 0 °C solution of [4-(1H-1-triphenylmethylimidazol-4-yl)-3- 
propylcarbonylamino-2-phenylbenzoyl]methionine methyl ester (0.16 g. 0.23 mmol), 
prepared as in Example 50E. in 4.4 mL of THF was slowly added lithium hydroxide (4.4 
mL. 0.5M) and the reaction mixture was stirred for 2 hours. The pH was adjusted using 
0.5 M HCI and the mixture was extracted with ethyl acetate (3X50 mL.). The extracts 
were combined, dried over magnesium sulfate and concentrated to an oil. The oil was 
taken up in methylene chloride (4 mL.) to which trifluoroacetic acid (8 mL) was added 
which produced a deep yellow color. Immediately after the addition of TFA, triethylsilane 
was added dropwise until the reaction mixture was nearly colorless. The reaction was 
stirred for 2 hours at ambient temperature and concentrated to give a solid which was 
washed with diethyl ether. The solid was collected by vacuum filtration, washed with 
additional diethyl ether and dried to yield [4-(1H-imidazol-4-yl)-3-propylcarbonylamino-2- 
phenylbenzoyljmethionine trifluoroacetate (0.073 g. 36%). 1 H NMR (300 MHz. CD3OD) 
5 8,72 (s, 1 H), 7.64 (br s, 2H), 7.35-7.50 (m, 8H), 4.50 (br s. 2H). 2.80 (br s. 2H), 2. 1 9 (br 
s. 2H). 2.00 (s, 3H), 1 .82 (br s. 2H). MS m/e 467 (M+H)+. 
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Example 51 



f4-(3'PvridvlmethvlQxvmethvlV2-DhenvlbenzQvl1mQ thionine hvdrochlnr|r fe 

5 Example 51 A 

f4^3-Pvridvlmethvloxvmethvn-2-phenvlben2oic a cid methvl ester 
To a solution in DMF of 3-pyridinemethanol (0.59 mL) was added sodium hydride 
(60% in mineral oil, 0.19 g), and the mixture was stirred until gas evolution ceased. A 
solution of 2-phenyl-4-bromomethylbenzoic acid methyl ester (0.98 g) in DMF was then 
10 added and the reaction mixture was stirred until the bromide was consumed. The 
reaction mixture was partitioned between ethyl acetate and water. The organic phase 
was washed with brine, dried, and concentrated. The residue was purified by 
chromatography on silica gel (1:1 ethyl acetate-hexanes) to give [4-(3- 
pyridylmethyloxymethyl)-2-phenylbenzoic acid methyl ester (0.58 g). 



To a solution in methanol (5 mL) of [4-(3-pyridylmethyloxymethyl)-2-phenylbenzoic 
acid methyl ester (0.58 g), prepared as in Example 51 A, was added saturated aqueous 

20 lithium hydroxide and the reaction mixture was stirred overnight at ambient temperature. 
The reaction mixture was warmed to 60 °C and stirred for 4 hours. The reaction mixture 
was concentrated in vacuo and the residue was taken up in water. The aqueous phase 
was taken to pH 5 with aqueous 3N HCI and extracted with chloroform. The organic 
phase was concentrated in vacuo to give 4-(3-pyridyImethyloxymethyl)-2-phenylbenzoic 

25 acid (0.52 g). 



15 



Example 51 B 
4-f3-pvridvlmethvloxvmethvl^2>phenvlbenzoic acid 



30 
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Example 5 1C 

f4-(3-PVridvlmethvloxvmethvn-p.phenvlben?ovl1 methioninP methyl a ?tf r 
The desired compound was prepared by coupling of 4-(3-pyridylmethyloxymethyl)- 
2-phenylbenzoic acid with methionine methyl ester hydrochloride as described in 
Example 163D. 

Example 51 D 

f4-(3-pYridvlmethvlOXvmethvn-2-Phenvlbfln7 o V |1methi Q ninp 
The desired compound was prepared by saponification of [4-(3- 
pyridylmethyloxymethyl)-2-phenylbenzoyl]methionine methyl ester, prepared as in 
Example 51C using the procedure of Example 51B; 1 H NMR (CDCI3, 300 MHz) 6 1.66- 
2.17 (4H, m). 2.02 (3H, s), 4.62 (1H, m), 4.76 (2H. s), 4.78 (2H, s). 6.31 (1H, d. J= 
6.3Hz), 7.23-7.44 (7H. m). 7.71 (1H, d, J=7.8Hz), 7.86 (1H, m), 8.34 (1H. m). 8.65 (1H, 
m), 8.72 (1H, m); MS (DCI/NH3) m/e 451 (M+H)+. Anal cated for C 2 5H26N 2 04S- 1.45 
HCI: C , 59.65; H, 5.50; N, 5.56. Found: C. 59.80; H , 5.11; N. 5.26. 




SMe 



Example 52 

f4-(L-histidvn-2-PhBnvlhenzovllmethioni ne hydrochloride 



Example SPA 

f4-(bis-(erf-bMtQXYrrrirt)onvl-L-histidvl>-2-phenylh fl n7 9vnmethionin e methvl ester 
Bis-fert-butoxycarbonyl-L-His (1 .78 g, 5.00 mmol) was added to a solution of [4- 
amino-2-phenylbenzoyl]methionine methyl ester (compound 8, 1.79 g, 5.00 mmol). 3- 
hydroxy-1,2.3-benzotriazin-4(3H)-one (HOOBT, 2.50 g. 15.0 mmol), 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide (EDC, 2.93 g, 15.0 mmol). and N- 
methylmorpholine (NMM) in DMF (25 mL). The reaction mixture was stirred at ambient 
temperature for 17 hours and then was concentrated under reduced pressure (50 C C. 0. 1 
mm Hg) to provide an amber oil. The oil was dissolved in ethyl acetate (25 mL) and the 
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solution was extracted with saturated aqueous NaHC03 (3x10 ml_), followed by brine 
(10 mL). The combined aqueous layers were back-extracted with ethyl acetate (10 mL), 
and the combined organic portions were dried (MgS0 4 ) and then concentrated under 
reduced pressure to provide a yellow solid. Flash column chromatography (90:8:2 to 
70:28:2 hexane-Ethyl acetate-Et 3 N) afforded 1.32 g (38%) of f4-(bis-fert-butoxycarbonyi- 
L-histidyl)-2-phenylbenzoyl methionine methyl ester; 1 H NMR (CDCI 3 ) S 1.41 (s. 9 H), 
1.58 (s. 9 H), 1.61-1.78 (m, 1 H), 1.83-1.95 (m, 1 H), 1.98 (s, 3 H), 2.04-2.13 (comp, 2 H), 
2.99 (dd, 1 H), 3.18 (dd, 1 H), 3.63 (s, 3 H), 4.50-4.92 (comp, 2 H), 5.84 (d, 1 H), 6.32 (d, 
1 H), 7.21 (s, 1 H), 7.30-7.42 (comp, 5 H), 7.45 (m, 1 H). 7.68 (d. 1 H), 8.02 (s, 1 H), 9.63 
(br. 1 H). LRMS (CI): 696 (M+1)+. 

Example 52B 

f4-(L-histidvn-2-Phenvlben7ovnmethionin e methvl ester hydrochloride 
[4-(bis-fert-butoxycarbonyl-L-histidyl)-2-phenylbenzoyl methionine methyl ester 
(0.992 g, 1 .42 mmol), prepared as in Example 52A, was dissolved in 4 M HCI/ dioxane 
(1 5 mL), upon which gas evolution was observed. The clear amber solution was stirred 
for 6 hours, during which time a white precipitate formed. The mixture was treated with 
ethyl ether and the precipitate was isolated by filtration to provide 0.779 g (100%) of [4- 
(L-histidyl)-2-phenylbenzoyl methionine methyl ester (believed to be the mono- 
hydrochloride salt); 1 H NMR (CD3OD) 5 1.72-1.87 (m, 1 H), 1.95-2.03 (comp. 4 H), 2.08- 
2.28 (comp, 2 H), 3.38-3.60 (comp, 2 H), 3.67 (s, 3 H), 4.45-4.57 (comp, 2 H), 7.30-7.46 
(comp, 6 H), 7.53 (d, 1 H), 7.69 (d, 1 H), 7.77 (app s, 1 H), 8.90 (s, 1 H). LRMS (CI): 496 
(M+1)+. 

Example 52C 

f4-(L-histidvh-9.nhftnylbenzovl1methi onine hydrochloride 
To a solution of [4-(L-histidyl)-2-phenylbenzoyl methionine methyl ester 
hydrochloride (98.9 mg, 0.200 mmol), prepared as in Example 52B. in THF/H 2 0 (4:1, 20 
mL) was added LiOH»H 2 0 (68.5 mg, 1 .60 mmol). The solution was stirred for 6 hours 
and then was treated with 1 M aqueous HCI (20 mL). The mixture was lyopholized to 
provide a white solid. Recrystallization from methanol afforded [4-(L-histidyl)-2- 
phenylbenzoyljmethionine hydrochloride (31 mg, 32%) as a white solid. 1 H NMR (D 2 0) 
5 1.68-1.82 (m, 1 H), 1.88-1.99 (comp, 2 H), 2.02 (s, 3 H), 2.00-2.12 (m, 1 H), 3.28-3.32 
(m, 2 H), 3.49 (d. 2 H), 4.28-4.34 (m. 1 H), 4.44 (t, 1 H), 7.36-7.53 (comp. 8 H), 7.57 (m. 
1 H), 8.67 (m, 1 H); LRMS (CI): 482 (M+1 )♦, 701 . 
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Example 53 

f4-(1H-1-methvlimida20l'2-vlcarboxvaminoUP. p henvlben7oyl)methiQninft 

Example 53A 

ri-eth9^v-2-f1-methvl-1H-imidazol-2»vhethenvl1ra r bonic acid et^y i ^ t or 
Triethylamine (10.2 g, 100.0 mmol) was added to a solution of 1.2- 
dimethylimidazole (2.45 g. 25.0 mmol) in acetonitrile (25 mL) at 0 °C. Ethyl 
chloroformate (6.15 g. 55.0 mmol) was added dropwise (1 drop/sec) and the reaction 
mixture was slowly warmed to ambient temperature. After 4 hours, the reaction mixture 
was concentrated under reduced pressure, and the residue was treated with 1:1 sat'd 
aqueous NaHCCtyr^O (25 mL). The mixture was extracted with dichloromethane (4 x 
25 mL), and the organic extracts were rinsed with brine (25 mL), dried over MgS0 4l 
filtered, and concentrated under reduced pressure to provide an amber oil. Flash column 
chromatography (ethyl acetate:CH 2 CI 2 :Methanol:HC0 2 H ; 40:40:18:2 to 30:30:38:2) 
afforded 3. 1 3 g ( 1 3%) of a 3: 1 mixture of formic acid and the desired compound. 1 H 
NMR (CDCI 3 ) 6 1.2-1.6 (br, 6 H). 3.7-3.9 (br, 3 H), 4.2-4.6 (br, 4 H), 7.1 (br, 1 H), 7.3 (br. 
1 H). 8.2 (br), 10.8 (br). LRMS (CI): 241 (M+1)+, 169 (54318-148C+1) + . 

Example 53B 
(1 H-1 -methvlimidazol-2-vhacetir ariri 
The forrmic acid contaminated material prepared in Example 53A (3.13 g, ca 3.50 
mmol) from above was dissolved in 3 M aqueous HBr (30 mL). The solution was heated 
to reflux for 30 hours, after which lyopholization afforded 0.783 g (ca 100%) of (1H-1- 
methylimidazol-2-yl)acetic acid. 1 H NMR (CD3OD) 8 3.40 (s. 3 H), 5.38 (s, 3 H), 7.32- 
7.36 (comp. 2 H), 7.41-7.46 (comp. 3 H), 7.76-7.78 (m, 1 H), 7.78-7.80 (m, 1 H). 7.87 (d. 
J= 8.8 Hz, 1 H). LRMS (CI): 304 (M+1 8) + . 287 (M+1 ) + . 
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Example 53C 

f4-(1 H-1-methvlimida2ol-2-vlcarboxvamino).?-p ^nvlbenzovl1methionine methvl ester 
Triethylamine (1 .23 g. 12.0 mmol) was added dropwise to a solution of [4-amino- 
2-phenylbenzoyl]methionine, methyl ester hydrochloride (Compound 8. 1 .00 g, 2.03 
mmol), (1H-1-methylimidazol-2-yl)acetic acid (0.783 g, 3.54 mmol), prepared as in 
Example 53B, 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1 .06 g. 6.37 mmol), and l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide (1.25 g, 6.37 mmol) in DMF (35 mL). The 
reaction mixture was stirred at ambient temperature for 16 hours and then concentrated 
under reduced pressure (50 °C, 0.1 mm Hg) to provide an amber oil. Flash column 
chromatography (ethyl acetate:CH 2 CI 2 :Methanol:HC02H 30:30.38:2), followed by a 
second chromatography(ethyl acetate:HC0 2 H 92:2) afforded 0.891 g (52%) of a ca 1:1 
mixture of triethylamine hydrochloride and the desired compound. 1 H NMR (CDCI3) 8 
1.05-1.35 (t, 9 H of TEA-HCI), 1.80-1.92 (m, 1 H), 1.94-2.08 (comp. 4 H). 2.12-2.22 (m. 1 
H), 2.22-2.37 (m, 1 H). 3.10-3.24 (comp, 6 H of TEA-HCI + ?), 3.72 (s, 2 H), 3.91 (s, 3 H). 
4.50-4.61 (m, 1 H), 7.33-7.45 (comp, 7 H), 7.46 (d, 1 H), 7.64-7.70 (comp, 2 H). Note 1H 
spectrum poorly resolved such that assignments uncertain. LRMS (CI): 481 (M+1)+. 

Example 53P 

f4-(1H-1-methvlimidazol-2-vlcarooxvamino^2 .Dhenvlbenzovl1methionine 
Lithium hydroxide hydrate (1.71 g, 40.0 mmol) was added to a solution of the 
triethylamine hydrochloride contaminated methyl ester prepared in Example 53C (0.891 
g, 1 .00 mmol) in THF/H2O (4:1 , 50 mL). The solution was stirred for 5 hours and then 
extracted with pentane (40 mL then 20 mL). The mixture was carefully acidified by the 
addition of 3 M aqueous HCI and then lyopholized. Flash column chromatography (ethyl 
acetate:CH 2 Cl2:Methanol:HC0 2 H (30:30:39:1) ) followed by filtration of the concentrate 
through celite with methanol rinses afforded 0.080 g (ca 9%) of a 4:1 mixture of HC0 2 H 
and [4-(1 H-1-methylimidazol-2-ylcarboxyamino)-2-phenylbenzoyl]methionine. 1 H NMR 
(CD3OD): 6 1.2-1.5 (small amount unidentified impurity), 1.8-1.9 (br m, 1 H), 1.9-2.1 (br. 
comp 5 H), 2.1-2.3 (br m. 1 H), 3.6-4.0 (br m, 2 H), 4.0 (s, 3 H). 4.4-4.5 (br. m. 1 H), 7.3- 
7.5 (br comp. 6 H), 7.5-7.6 (br comp, 2 H). 7.6-7.8 (br m. 2 H). LRMS (CI): 467 (M+1 )-. 
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Example 54 

f4-f3-Dvridvloxvmethvn-2-phen ylbenzovnalanine 

Example 54A 

4-chloromethvl-2-Dhenvlbenyoi c acid methyl ester 
To a solution of 10.5 g (43.3 mmol) of methyl 4-hydroxymethyl-2-phenylbenzoate 
in 50 mL of /V.AAdimethylformamide was added 4.5 mL (62 mmol) of thionyl chloride, and 
2.0 g (47 mmol) of lithium chloride. The reaction was complete upon dissolution of the 
lithium chloride. The solution was poured into 350 mL of water, then extracted with 
diethyl ether (3 x 100 mL). The combined diethyl ether layers were back extracted with 
water (2 x 100 mL), saturated aqueous sodium bicarbonate solution (1 x 100 mL), and 
brine (1 x 100 mL), dried over magnesium sulfate, filtered, and concentrated in vacuo to 
1 1 .1 g (98%) of 4-chloromethyl-2-phenylbenzoic acid methyl ester as a pale yellow oil. 

Example 54B 

4-(3-pvridvloxvmethvnP-phenvlben7ni c acid methvl ftster 
To a solution of 1 1.1 g (42.3 mmol) of 4-chloromethyl-2-phenylbenzoic acid methyl 
ester, prepared as in Example 54A. in 150 mL of toluene was added 1 .7 g (6.4 mmol) of 
18-Crown-6, and 8.40 g (63.1 mmol) of 3-hydroxypyridine, potassium salt. The reaction 
was stirred at ambient temperature for 20 minutes, then heated to reflux under N 2 . After 
3 hours, the mixture was poured into 100 mL of water. The layers were separated, then 
the aqueous layer was extracted with ethyl acetate (3 x 100 mL). The combined organic 
layers were back extracted with 2M aqueous NaOH (2 x 30 mL), brine (1 x 100 mL). 
dried over magnesium sulfate, filtered, and concentrated to an oil which slowly 
crystallized. The product was recrystallized from 50 mL of 2-propanol to give 6.78 g of a 
tan solid. The supernatant was concentrated and purified via silica gel chromatography 
(50:50 hexanes: ethyl acetate) to give another 2.18 g of product, for a total yield of 8.96 g 
(66%). 1H NMR (300 MHz, d^DMSO) 8 3.60 (s, 3H). 5.33 (s, 2H). 7.28-7.54 (m. 8H). 
7.57 (dd, J=1.5. 9.0 Hz, 1H), 7.78 (d, J=9 Hz, 1H). 8.18 (dd, J=1.0. 5.5 Hz. 1H). 8.38 (d. 
J=3.0Hz. 1H). 
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Example 54C 
4W3-Pvridvloxvmethvn2-phen vlbenzoicacid 
To 2.60 g (8.14 mmol) of 4-(3-pyridyloxymethyl)2-phenylbenzoic acid methyl ester, 
prepared as in Example 54B, was added 15 mL of methanol, and a solution of 0.79 g (12 
mmol) of 85% KOH in 3 mL of water. The mixture was stirred at reflux for 3 hours, then 
concentrated in vacuo. The residue was taken up in 5 mL of water and treated with 12 
mL of 1 M aqueous HCI. The precipitated product was filtered and washed with a small 
amount of water. The combined washings and filtrate were adjusted to pH 4 with 1 M 
HCI, and additional precipitate was collected, then washed with water. The combined 
precipitates were dried in vacuo to give 4-(3-pyridyloxymethyl)2-phenylbenzoic acid (2.48 
g, 99%) as an off-white powder. 1 H NMR (300 MHz. cf6-DMSO) 8 5.31 (s, 2H), 7.31- 
7.56 (m, 9H), 7.76 (d, J=7.5 Hz. 1H), 8.19 (dd. J=1.0, 6.0 Hz. 1H), 8.39 (d, J=3.0 Hz, 1H), 
12.8(brs, 1H). 

Example 54D 

f4-(3-DVridvloxvmethvh-2-PhenylbenzoY nalanine methvl aster 
To a solution of 100 mg (0.33 mmol) of 4-(3-pyridyloxymethyl)2-phenylbenzoic 
acid, L-alanine methyl ester hydrochloride (1.5 mmol), 69 mg (0.36 mmol) of 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, and 59 mg (0.36 mmol) of 3- 
hydroxyl ,2.3-benzotriazin-4(3H)-one in 1 mL of A/,/v-dimethylfonmamide was added 5 
drops of triethylamine. The mixture was stirred at ambient temperature for 24 hours, 
then poured into 10 mL of 0.6M aqueous sodium bicarbonate and extracted with ethyl 
acetate (3x5 mL). The combined ethyl acetate layers were back extracted with water (2 
x 5 mL), then brine (1x5 mL), dried over magnesium sulfate, filtered, and concentrated 
in vacuo. The product was purified via chromatography over silica gel, eluting with an 
appropriate mixture of hexanes and ethyl acetate. 

Example S4E 
f4-(3-Pvridvloxvmethvh-2.phenylbenzovl1alanine 
To approximately 0.3 mmol of (4-(3-pyridyloxymethyl)-2-phenylbenzoyl]alanine 
methyl ester, prepared as in Example 54D, was added 1 mL of 1 .39M NaOH in 5:1 
methanol: water. The mixture was heated to reflux for 20 minutes, then 1 mL of water, 
1 .4 mL of 1 M aqueous HCI, and 5 mL of ethyl acetate were added sequentially. The 
biphasic mixture was stirred, then separated, and the aqueous layer was extracted with 
additional ethyl acetate (2x5 mL). The combined ethyl acetate layers were dried over 
magnesium sulfate, filtered, and concentrated to give 4-(3-pyridyloxymethyl)-2- 
phenylbenzoyl-L-alanine as a foam. 1 H NMR (300 MHz, d6-DMSO) 8 1 .1 1 (d, J= 7.1 
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Hz, 3H). 4.14 (quintet. J=7.3 Hz, 1H). 5.21 (s. 2H), 7.22-7.45 (m. 10H), 8.10 (d. J* 4.1 
Hz. 1H). 8.29 (d, J* 1.7 Hz. 1H), 8.46 (d, J=7.5 Hz. 1H). 12.42 (br s. 1H); MS (DCI) m/e 
377 (M+H)-\ 394 (M+NH 4 )+. Analcalcd for C22H20N2CVO.15HCI: C. 69.19; H, 5.32; N, 
7.34. Found: C. 69.22; H, 5.01; N. 7.07. 




Example 55 

f4-(3'DVridvloxvmethvn-2-Dhenvlben2ovl1 cvsteine disnrii M m ^ 

Example 55A 

f4-f3-PVridvloxvmethvh-2-phenvlben2oy nhomocvsteine thiolactonft 
The desired compound was prepared according to the method of Example 54D, 
except substituting DL homocysteine thiolactone hydrochloride for L-alanine methyl ester 
hydrochloride. 



Example 55B 

f4-(3.Dvridvloxvmethvn.2-phenvlben7ovl^ ysteine disodium salt 
To 51 mg (0.13 mmol) of [4-(3-pyridyloxymethyl)-2-phenylbenzoyl]homocysteine 
thiolactone, prepared as in Example 55A, was added 1 mL of 0.25 M NaOH in 9:1 
methanol: water. The mixture was heated at reflux for 1 hour, then concentrated in 
vacuo to a white solid, i H NMR (300 MHz, dS-DMSO) 8 1 .68-1 .95 (m, 2H), 2.05-2.42 
(m. 2H), 3.80-3.95 (m. 1H), 5.27 (s, 2H), 7.28-7.49 (m, 1 1H), 8.18 (dd. J* 1 .2. 4.6 Hz. 
1H), 8.38 (d. J=2.7 Hz, 1H); MS (DCI) m/e 405 (-H 2 0). Anal calcd for 
C23H2oN 2 0 4 SNa2»1.35H20: C. 56.29; H. 4.66; N, 5.71. Found: C. 56.33; H, 4.84- N 
5.55. 
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Example 56 

f4»(3-Dyridylamino methvl)-2-ohenvlbenzovnmethionine 
Example 56A 

f4-(3-Dvridvlamionomethvn-2-Dhenylben zoic acid methyl estsr 
To a solution of 1 .72 g (7.16 mmol) of 4-methoxycarbonyl-3-phenylbenzaldehyde 
in 21 mL of methanol was added 7 mL of glacial acetic acid, the 875 mg (9.31 mmol) of 
3-aminopyridine. The solution was stirred at ambient temperature for 1 hour, then cooled 
with an ice bath. Next. 750 mg (1 1 .9 mmol) of sodium cyanoborohydride was added in 
small portions, keeping the ensuing bubbling under control. After 30 minutes, the ice 
bath was removed, and the reaction was stirred for 18 hours at ambient temperature. 
The reaction was concentrated in vacuo, then the residue was taken up in 75 mL of 
water and extracted with ethyl acetate (2 x 35 mL). The combined ethyl acetate layers 
were back extracted with saturated aqueous sodium bicarbonate solution (2 x 35 mL). 
then brine (1 x 35 mL). dried over magnesium sulfate, filtered, and concentrated to an oil. 
Purification via silica gel chromatography(ethyl acetate) provided 4-(3- 
pyridylamionomethyl)-2-phenylbenzoic acid methyl ester (2.10 g, 92%) as a colorless oil. 

Example 56B 

r4-(3-Dvridvlaminomethyn- 2-Dhenvlbenzovnmethionine 
The desired compound was prepared according to the method of Example 54. 
steps C, D and E. except substituting 4-(3-pyridylamionomethyl)-2-phenylbenzoic acid 
methyl ester, prepared as in Example 56A, for (4-(3-pyridyloxymethyl)-2- 
phenylbenzoyljalanine methyl ester, and substituting D-methionine methyl ester 
hydrochloride for L-alanine methyl ester hydrochloride. 1 H NMR (300 MHz, dS-DMSO) 6 
1.75-1.91 (m, 2H), 1.98 (s, 3H). 2.16-2.27 (m, 2H), 4.27 (m, 1H), 4.39 (d. J=6A Hz. 2H), 
6.62 (t. J=6.4 Hz, 1H), 6.90 (ddd. J= 1.4. 2.7. 8.5 Hz, 1H), 7.03 (dd. J=4.6. 8.3 Hz. 1H). 
7.30-7.41 (m, 8H), 7.40 (d, J* 4.1 Hz. 1H). 7.97 (d. J=2.7 Hz. 1H). 8.50 (d. J=7.& Hz. 
1H). 12.65 (br s. 1H); MS (DCI) m/e436 (M+H) + . Anal calcd for C24H25N3O3SO.9OH2O 
C. 63.81; H. 5.98; N. 9.30. Found: C. 63.82; H, 5.61; N. 9.16. 



WO 97/17070 




PCT/US96/I7092 



Example 57 

f4-(3-Pvridvlmethvlamino^2-Dheny <benzovl)hnmoserine lactone 

Example 57A 
4-Amino-2-Phenvlbenzoic flr jri hydrochloride 
4-Nitro-2-phenylbenzoic acid (10.5 g, 43.2 mmol) and tin (II) chloride dihydrate 
(34.1 g, 0.15 mol) were combined and refluxed in 250 mL ethyl acetate for 1 hour. An 
equal volume of water was added followed by solid NaHC03 to pH 8. The mixture was 
extracted with ethyl acetate. The combined ethyl acetate extracts were washed with 
brine and concentrated to a thick oil. The oil was diluted with ether and excess 
anhydrous HCI was added. The resulting precipitate was collected and dried to provide 
4-Amino-2-phenylbenzoic acid hydrochloride (3.2 g). MS m/e 214 (M+H)+. 1 H NMR 
(d 6 -DMSO. 300 MHz) 8 6.65 (d, J=3 Hz,1H), 6.79 (m, 1H), 7.20-7.72 (m, 6H). 

Example 57B 

4-(3-Pvridvlmethvlamino).2-phenv)ben7oic acid acetic acid salt 

3- Pyridinecarboxaldehyde (1.2 mL, 12.8 mmol) and 4-amino-2-phenylbenzoic acid 
hydrochloride (3.2 g, 12.8 mmol), prepared in Example 57A, were dissolved in 100 mL 1 
% acetic acid in methanol. After stirring for 10 minutes, NaBHaCN was added, and 
stirring was continued for 1 8 hours. The reaction was evaporated to dryness under 
reduced pressure and partitioned between ethyl acetate and water. The aqueous phase 
was extracted with ethyl acetate. The organic extracts were combined, washed with 
brine, and dried over Na 2 S0 4 to give 4-(3-Pyridytmethylamino)-2-phenylbenzoic acid 
acetic acid salt (4.35 g, 90 %) of the title compound. MS m/e 305 (M+H) + . 1 H NMR (d 6 - 
DMSO. 300 MHz) 64.41 (s. 2H), 6.45 (d, J=3 Hz, 1H). 6.60 (m, 1H), 7.15-7.90 (m. 10H). 
8.48 (m, 1H), 8.60 (m, 1H). 

Example 57C 

f4-/3-Pyri dvlmethylamino)-2-phenvlbenzovnhomoserine lactone 

4- (3-Pyndylmethylamino)-2-phenylbenzoic acid acetic acid salt (0.20 g, 0.55 
mmol), prepared as in Example 57B. and L-homoserine lactone (0.19 g. 1 .37 mmol). 1- 
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(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.27 g, 1 .43 mmol), and 3- 
hydroxy1.2.3-benzotriazin-4(3H)-one (0.25 g, 1.65 mmol) were combined in 10 mL DMF. 
Triethylamine (1 .65 mmol) was added, and the reaction was stirred overnight at room 
temperature. The reaction mixture was diluted with HCI (1 M. 10 mL) and extracted with 
ethyl acetate. Solid NaHC03 was added to pH 8. The aqueous was extraced with ethyl 
acetate. The combined extracts were washed with brine and dried over Na2S04. Flash 
chromatography (2 % Methanol in ethyl acetate to 4 % Methanol in ethyl acetate) 
provided [4-(3-pyridylmethylamino)-2-phenylbenzoyl]homoserine lactone (140 mg). MS 
m/e 436 (M+H)+ NMR (CDCI 3 , 300 MHz) 8 1.73 (m, 2H), 2.65 (m. 2H), 4.1-4.5 (m. 
2H), 5.52 (m, 1H), 6.51 (d, J=3 Hz, 1H), 6.65 (m, 1H), 7.25-7.44 (m, 8H), 7.49 (m. 2H), 
8.56 (m. 1 H), 8.63 (d. J= 3 Hz. 1 H). 




OH 

Example 58 



Lithium 4-(3-DvridvlmethvlaminoV2-phenylbenzovl-L-homoserinatft 
[4-(3-Pyridylmethylamino)-2-phenylbenzoyl]homoserine lactone (55 mg, 0.14 
mmol), prepared as in Example 57, was dissolved in 1 mL of methanol and treated with 
aqueous 1 .0 M LiOH (0.15 mmol). After 18 hours at ambient temperature, the mixture 
was evaporated to provide the title compound in quantitative yield. 1 H NMR (de-DMSO, 
300 MHz) 8 1.43 (m, 1H), 1.60 (m, 1H), 3.59 (m, 1H), 4.1 (m, 1H), 4.38 (m, 2H), 6.33 (m, 
1H), 6.6 (m, 2H), 6.83 (m, 1H). 7.22-7.38 (m, 8H), 7.74 (m, 2H), 8.45 (m, 1H), 8.59 (d. J= 
3 Hz. 1H). 
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Example S9 

f4-(3-Pvridvlmethvlaminol-2-phen vlbenzoyljmethinnine 

Example 59A 
f4-Nitro-2-Dhenvlben2ovnmet hionine methyl ester 
4-Nitro-2-phenylbenzoic acid (50.0 g, 205 mmol) and 3-hydroxy1 ,2.3-benzotriazin- 
4(3H)-one (36.89 g, 226 mmol) were dissolved in 500 mL DMF. 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (47.3 g, 247 mmol) and 
methionine methyl ester hydrochloride (53.37 g, 267 mmol) were added followed by 
triethylamine (31 .5 mL, 226 mmol). Additional triethylamine was added to raise the pH to 
6-7. After 1 hour at ambient temperature, the reaction mixture was concentrated to 200 
mL, diluted with 500 mL ethyl acetate, washed with 1 M HCI, 5 % NaHC03. and brine, 
and dried over Na 2 S04 to provide (4-nitro-2-phenylbenzoyl)methionine methyl ester 
which was used directly without further purification. MS m/e 389 (M+H)+. 1 H NMR 
(CDCI 3 , 300 MHz) 5 1.78 (m, 2H), 2.01 (s. 3H), 2 : 60 (m, 2H), 3.69 (s, 3H), 4.69 (m, 1H), 
6.02 (d. J=8 Hz, 1H), 7.48 (m. 5H), 7.85 (m, 1H), 8.27 (m, 2H). 

Example 59R 

(4-Amino-2-Phenvlbenzovnmethionin e methvl ester hydrochloride 
Tin(ll) dichloride dihydrate M 57 g. 696 mmol) was added to a solution of (4-nitro- 
2-phenylbenzoyl)methionine methyl ester (67.9 g, 175 mmol) in 500 mL ethyl acetate and 
the reaction mixture was heated at reflux for 1 hour. The reaction mixture was cooled to 
ambient temperature and stirring was continuted for 18 hours. The reaction mixture was 
concentrated to 200 mL. and 500 mL H 2 0 was added. Solid NaHC0 3 was added to pH 
8 before extracting with ethyl acetate. The ethyl acetate extract were washed with 5 % 
NaHC03 and brine, dried over Na2S04, and concentrated. The residue was dissolved in 
ether with a minimum of ethyl acetate added to keep the material in solution and treated 
with anhydrous HCI. The solid was collected and washed with ether to provide (4-amino- 
2-phenylbenzoyl)methionine methyl ester hydrochloride in 83 % yield. MS m/e 359 
(M+H)+. 1H NMR (d 6 -DMSO. 300 MHz) 6 1.83 (m. 2H), 1.99 (s. 3H). 2.23 (m. 2H), 3.63 
(s, 3H), 4.33 (m. 1 H), 7.03 (m. 2H), 7.35 (m. 6H), 7.48 (d, J= 8 Hz, 1 H). 
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Example 59C 

f4-(3-PvridvlmethvlaminoU?.phenvtben7 ovllmethiQnine methvl ester 
(4.Amino-2-phenylbenzoyl)methionine methyl ester hydrochloride (5.0 g, 12.7 
mmol), prepared as in Example 59B, and 3-pyridinecarboxaldehyde (1.25 ml_, 13.3 
mmol) were dissolved in 100 mL 1 % acetic acid in methanol. After 10 minutes, sodium 
cyanoborohydride (0.95 g, 15.9 mmol) was added. After stirring at room temperature 18 
hours, the reaction mixture was evaporated and partitioned between 5 % NaHC0 3 and 
ethyl acetate. The organic layer was washed with 5 % NaHC03 and brine, dried over 
Na2S04, and evaporated to provide [4-(3-pyridylmethylamino)-2- 
phenylbenzoyljmethionine methyl ester which was used without further purification. MS 
m/e 450 (M+H)-. NMR (CDCI 3 , 300 MHz) 5 1.65 (m. 2H), 1.87 (m. 2H). 2.00 (s, 3H), 
3.63 (s. 4H). 4.42 (s. 2H), 4.61 (m. 1H), 5.69 (d, J=7 Hz. 1H). 6.50 (d. J=3 Hz, 1H). 6.63 
(m. 1H). 7.45 (m. 6H). 7.68 (m. 2H), 8.55 (m. 1H), 8.62 (d. J=3 Hz. 1H). 

Example 59P 

f4-r3-Pvridvlmethylamino-2-Dhenvl benzovl1methioninft 
Excess LiOH (3 M) was added to a solution in methanol of [4-(3- 
pyridylmethylamino)-2-phenylbenzoyl]methionine methyl ester (5.69 g, 12.7 mmol). 
prepared as in Example 59C and the reaction mixture was stirred at ambient temperature 
for 72 hours. The reaction mixture was concentrated and partitioned between ether and 
water. The aqueous layer was washed with ether, acidified to pH 4-5 with HCI. and 
extracted with ethyl acetate. The combined ethyl acetate extracts were washed with 
brine and dried over Na2S04 to give the title compound in 98 % yield. MS m/e 436 
(M+H)+. 1 H NMR (d 6 -DMSO. 300 MHz) 5 1.91 (m. 2H). 1.99 (s. 3H). 2.22 (m. 2H). 3.36 
(bs. 1H), 4.1 1 (m, 1H), 4.40 (s. 2H). 6.57 (m. 2H). 6.75 (bs. 1H). 7.3 (m. 6H), 7.79 (m. 
1H). 7.99 (m, 1H). 8.46 (m. 1H). 8.30 (d. J=3 Hz, 1H), 12.48 (bs. 1H). 
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SCH 3 

Examples 60-69 
Example 60 

f4-f3-pvridvlmethvlamino)-2-Dhenvlhenyn V H methiQninft isr>amvl ester 
[4-(3-pyridylmethylamino)-2-phenylbenzoyl]methionine (200 mg, 0.46 mmol), 
prepared as in Example 59, carbonyldiimidazole (74 mg, 0.46 mmol), and isoamyl 
alcohol (40 mg, 0.46 mmol) were combined in 10 mL THF. After 2 hours at room 
temperature, sodium ethoxide (2.68 M in ethanol, 0.02 mmol) was added. After an 
additional 18 hours, the mixture was evaporated to dryness, partitioned between ethyl 
acetate and water, washed with water and brine, dried over Na 2 S0 4 . and 
chromatographed (Ethyl acetate) to give [4-(3-pyridylmethylamino)-2-phenylbenzoyl-L- 
methionine isoamyl ester (90 mg). MS m/e 506 (M+H)+. 1 H NMR (CDCI 3 , 300 MHz) 6 
0.90 (d, J=7 Hz, 6H), 1.48 (m, 2H), 1.64 (m, 4H), 1.88 (m, 1H), 2.01 (s, 3H), 2.1 1 (t. J=7 
Hz, 2H), 4.08 (m, 2H), 4.42 (s, 2H), 4.60 (m, 1H), 5.87 (d. J=8 Hz. 1H), 6.51 (d. J=3 Hz, 
1 H), 6.63 (m, 1 H), 7.28-7.44 (m. 5H), 7.68 (m, 2H), 8.55 (m, 1 H). 8.63 (s. 1 H). 



Example 61 

f4-(3-PVridvlmftthvlamino^2.phenylhenzovl)methin nine 1 -adamantvlethvl ester 
The desired compound was prepared according to the method of Example 60, 
except substituting 2-adamantaneethanol for isoamyl alcohol. MS m/e 598 (M+H)* 1 H 
NMR (CDCI3, 300 MHz) 8 1.6 (m, 17H), 1.94 (m, 2H), 2.01 (s, 3H), 2.10 (m. 2H), 4.09 
(m, 2H),4.40(m, 2H), 4.59 (m. 1H). 5.72 (d, J= 7 Hz, 1H),6.51 (d, J=3Hz. 1H).6.63 (n 
1H), 7.3 (m, 8H), 7.68 (m, 1H), 8.60 (m, 2H). 



Example 62 

f4-(3-PVridvlmethvlamino )-2-phenvlbenzovnmethionine octyl e sty 
The desired compound was prepared according to the method of Example 60. 
except substituting octanol for isoamyl alcohol. MS m/e 548 (M+H)+. 1 H NMR (CDCI3 
300 MHz) 5 0.88 (t. J=7 Hz. 3H), 1.28 (m, 10H), 1.6 (m, 2H), 2.01 (s. 3H). 2.10 (m. 2H). 
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4.02 (m. 2H). 4.4 (m, 2H), 4.61 (m, 1H), 5.71 (d, J=7 Hz. 1H). 6.50 (d. J=3 Hz. 1H). 6.63 
(m, 1H). 7.39 (m. 9H). 7.68 (m, 2H). 8.55 (m, 1H), 8.63 (m, 1H). 




SCH 3 

Examples 63-65 



Example 63 

f4-f3-Dvridvlmethvlaminol.2-Dhenvlben? ovl1methionineamide 
[4-(3-pyridylmethylamino)-2-phenylbenzoyl]methionine methyl ester (80 mg, 0. 1 8 
mmol), prepared as in Example 59C, was dissolved in methanol (5 mL), cooled to 0 °C. 
and the solution was saturated with anhydrous ammonia. The reaction was sealed for 72 
hours at ambient temperature. Evaporation to dryness afforded [4-(3- 
pyridylmethylamino)-2-phenylbenzoyl]methionineamide (78 mg). MS m/e 435 (M+H)*. 
1 H NMR (CDCI 3 , 300 MHz) 8 1.59 (m, 2H), 1.83 (m, 2H), 2.02 (s, 3H), 4.43 (s, 2H), 4.51 
(m, 1H), 5.16 (s, 1H), 5.64 (m, 1H), 6.14 (m, 1H), 6.50 (d. J=3 Hz, 1H), 6.63 (m. 1H), 
7.38 (m. 7H), 7.66 (m, 2H), 8.55 (m, 1H), 8.62 (m, 1H). 



Example 64 

f4W3-Dvridvlmethvlamino)-2-Dhenvlbenzovl)methioninem ethvlamide 
[4-(3-pyridylmethylamino)-2-phenylbenzoyl]methionine methyl ester (370 mg, 0.82 
mmol), prepared as in Example 59C, was dissolved in THF (5 mL) and saturated with 
anhydrous methylamine. The reaction was sealed and heated at 75 °C for 24 hours. 
The reaciton mixture was evaporated to dryness and chromatographed (5 % methanol- 
ethyl acetate) to give [4-(3-pyridylmethylamino)-2-phenylbenzoyl]methioninemethylamide 
(1 1 1 mg). MS m/e 449 (M+H)+. ^H NMR (CDCI3, 300 MHz) 8 1.80 (m. 2H). 2.02 (s. 
3H), 2.12 (m, 2H), 2.70 (d, J=5 Hz, 3H), 4.45 (m, 3H), 5.65 (d, J=6 Hz, 1H), 6.10 (m. 
1H), 6.50 (d, J=3 Hz, 1H), 6.63 (m. 1H), 7.38 (m, 7H), 7.66 (m, 2H), 8.59 (m, 2H). 
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Example 65 

f4-(3-Dvridvlmethv»amino^?.Dhenv»ben2 ovl1methioninedimethy^ r r l i^o 
[4-(3-pyridylmethylamino)-2-phenylbenzoyl]methionine methyl ester (340 mg, 0.76 
mmol), prepared as in Example 59C, was dissolved in THF (5 mL) and saturated with 
anhydrous dimethylamine. The reaction was sealed and heated at 60 °C for 72 hours. 
The reaciton mixture was evaporated to dryness and chromatographed (5 % methanol- 
ethyl acetate) to give f/-(3-pyridylmethylamino)-2- 

phenylbenzoyl]methioninedimethylamide (40 mg). MS m/e 463 (M+H) + . 1 H NMR 
(CDCI 3 . 300 MHz) 8 1.71 (m, 2H), 2.05 (s, 3H), 2.21 (m. 2H), 2.87 (s. 3H), 3.06 (s, 3H), 
4.1 1 (m. 1H), 4.43 (s. 2H), 5.02 (m, 1H), 6.01 (d, J=8 Hz, 1H), 6.50 (d, J=3 Hz. 1H), 
6.61 (m, 1H), 7.38 (m, 7H), 7.59 (d, J=9 Hz, 1H), 7.72 (d, J=9 Hz, 1H), 8.63 (bs. 1H). 




Example 66 

f4-(3-DvridvlcarbonvlaminoU2-phenvlben7ovl] methionine methvl ester 
Nicotinic acid (345mg, 2.8 mmol) was suspended in 10 mL of dichloromethane 
and oxalyl chloride (2.8 mL of a 2.0 M soln in methylene chloride) was added by syringe 
followed by one drop of DMF. The reaction mixture was stirred at 25 °C for 2 hours and 
then was evaporated and azeotroped with toluene. The resulting acid chloride was then 
dissolved in dichloromethane and a solution of (4-amino-2-phenylbenzoyl)methionine 
methyl ester (669mg, 1.87 mmol), prepared as in Example 59B, in 5 mL of 
dichloromethane was added followed by 4 mL of saturated aqeuous NaHC0 3 and the 
reaction was stirred at 25 °C for 3 hours. The layers were separated and the organic 
layer was dried over Na 2 S0 4 . filtered and evaporated to give 830mg (96%) of [4-(3- 
pyridylcarbonylamino)-2-phenylbenzoyl]methionine methyl ester as an oil. 'h NMR (300 
mHz. CDCI3) 89.2 (d, 1H). 8.76 (d, 1H), 8.42 (bs, 1H), 8.2 (dt, 1H). 7.72- 7.65 (m. 2H). 
7.6 (dd, 1H), 7.45 - 7.35 (m, 5H), 6.0? (bd, 1H), 4.65 (dq, 1H), 3.68 (s. 3H), 2.20 (t. 2H), 
2.01 (s, 3H), 1 .98 - 1 .88 (m, 1 H), 1 .80 - 1 .78 (m, 1 H). CIMS 464 (M+H)+. 
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Example 67 



f4-(3-PvridvlcarbQnylamino)-2-Dhenvlben?ovl1methionin e hydrochloride 
[4-(3-pyridylcarbonylamino)-2-phenylben2oyl]methionine methyl ester (830mg, 
1 .79 mmol), prepared as in Example 66, was dissolved in 8 mL THF and cooled to 0 °C. 
LiOH monohydrate (226mg, 5.38 mmol) was added followed by 2 mL of H 2 0. The 
reaction was complete in 2 hours. The solvents were evaporated and the residue was 
acidified to pH = 3 with 1N HCI. The resulting precipitate was taken up in ethyl acetate 
and the solution was washed with water, dried over Na 2 S0 4 and evaporated. The 
residue was crystallized from hot ethanol to give 281 mg (32%) of [4-(3- 
pyridylcarbonylamino)-2- phenylbenzoylmethionine hydrochloride as a white crystalline 
solid. 'H NMR (300 mHz, CD 3 OD) 69.4 (d. 1H). 9.1 (d, 1H), 9.0 (d, 1H), 8.2 (dd. 1H), 
7.85-7.80 (m, 2H), 7.58 (dd. 1H), 7.45 - 7.32 (m, 5H), 4.52 - 4.45 (m, 1H), 2.20 - 2.02 (m, 
2H), 2.00 (s. 3H1.90- 1.80 (m, 2H), 1.15 (t, 1H). CIMS 450 (M+H)+. 



f4-f3-Dvridvlmethvlamino^-2-Dhenylbenzoyl1methionine methvl ester 
(4-Amino-2-phenylbenzoyl)methionine methyl ester (1.15g, 3.21 mmol), prepared 
as in Example 59B, and 3-pyndine carboxaldehyde (361mg, 3.37 mmol) were combined 
in 15 mL methanol and sodium cyanoborohydride (302 mg, 4.81 mmol) was added 
followed by crushed molecular sieves. The reaction was adjusted to pH = 6 with acetic 
acid and stirred at 25 °C for 3 hours. The reaction was concentrated and transferred 
directly to a column of silica gel and purified by flash chromatography (5%methanol-ethyl 
acetate) to give [4-(3-pyridylmethylamino)-2-phenylbenzoyl]methionine methyl ester (1.38 
g, 95%) as an oil that solidified after standing. 1 H NMR (300 mHz, CDCI 3 ) 68.6 (d, 1H), 
8.52 (dd, 1H). 7.72 - 7.65 (m, 2H), 7.45 - 7.30 (m, 6H). 6.62 (dd, 1H), 6.48 (d, 1H). 5.72 
(bd. 1H), 4.64 (dq, 1H), 4.42 (bs. 2H). 3.64 (s, 3H), 2.25 - 2.05 (m, 3H), 2.00 (s, 3H). 1.95 
- 1 .80 (m, 1 H), 1 .72 - 1 .60 (m, 1 H); CIMS MH* 450. 




o 



Example 68 
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Example 69 

[4-f3-pvricJvlcart?onvlamino)-2-Phenvlben2ovn-9.a m ino.4-rmPthvisulfonvl^hiitannir 

Example 69A 

[4-(3-PYriq>lcart?PPVlamino)-2-Dhenvlbenzovn-2-aminn^ - fmethvlsulfnnynbutanoir arjrt 

methvl ester 

[4-Amino-2-phenylbenzoyl]methionine methyl ester (46 mg, 0.0.092 mmol), 
prepared as in Example 68, was protected as the HCI pyridinium salt and was dissolved 
in 5 mL of CH 2 CI 2 , cooled to -78 °C and treated with a solution of m-chloroperbenzoic 
acid (44mg, 0.184 mmol) in 2 mL of CH 2 CI 2 and warmed to 0 °C. After 0.5 hours, the 
reaction was quenched with dimethyl sulfide and evaporated. Purification by flash 
chromatography (5% methanol-ethyl acetate) gave (4-(3-pyridylcarbonylamino)-2- 
phenylbenzoyl]-2-amino-4-(methylsulfonyl)butanoic acid methyl ester (43 mg, 88%) as a 
white solid. 

Example fiSB 

K'(3-pvridvlcarbonvlaminoW2-phenvlbenzovl].p.ami n o-4.fmethvlsulfonvhbutanftir.flri^ 
The[4-(3-pyridylcarbonylamino)-2-phenylbenzoyl]-2-amino-4- 
(methylsulfonyl)butanoic acid methyl ester prepared in Example 69A (43mg, 0.081 mmol) 
was dissolved in 3 mL of THF and a solution of LiOH monohydrate was in 1 mL of H 2 0 
was added. The reaction mixture was stirred at 25 °C for 1hour and then was 
evaporated. Formic acid (1 mL) was added to acidify to pH = 3. The reaction was then 
evaporated once again and 1 mL of H 2 0 was added along with 5 mL of ethyl acetate to 
dissolve the mixture. The ethyl acetate layer was dried over Na 2 S0 4 , filtered and 
evaporated and the residue was lyophilized from acetonitrile-H 2 0 to give [4-(3- 

pyridylcarbonylamino)-2-phenylbenzoyl]-2-amino-4-(methylsulfonyl)butanoic acid (36mg. 
88%) as a white solid. 'H NMR (300 mHz, CD3OD) 6 9.12 (d, 1H). 8.70 (d, 1H), 8.42 (dt. 
1H), 7.85 - 7.80 (m. 2H), 7.65 - 7.40 (m. 8H), 4.50 (m, 1H), 2.90 (s, 3H). 2.88 - 2.80 (m. 
1H), 2.70 - 2.58 (m. 1H). 2.35 - 2.20 (m, 1H), 2.10 - 1.95 (m, 1H). HRMS calcd 
C 2 4H23N 3 S0 6 MrT 482.1386, found 482.1373. 
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Examples 70-79 
Example 70 

f4-f3-pvri(jvloxvmethvn-2-(2-m8thvlphenvhbenzpvl|mP thiunine methyl ft c t? r 

Example 70A 

2'(triluQromethanesulfonvlPxvM.methx/lhfln 2 oic acid methyl ? ^ ? r 

To a -10 °C solution of 4-methylsalicylic acid methyl ester (22.46g, 0.135 mol) in 

100 mL of pyridine was added triflic anhydride (45.8g, 0.162 mol) dropwise by addition 

funnel while keeping the temperature below 0 °C. The reaction mixture was then 

warmed to ambient temperature and after 12 hours was poured over a mixture of 100 mL 

cone. HCI / 300g ice in a large erylenmeyer flask. After the ice melted, the mixture was 

transferred to a separatory funnel and the aqueous layer was extracted with ethyl acetate 

(3x100 mL). The ethyl acetate layers were combined and washed with 1N HCI, then 

sat'd aqueous NaHC0 3 , then brine and then filtered and evaporated to give 35.66g 

(88%) of 2-(triluoromethanesulfonyloxy)-4-methylbenzoic acid methyl ester as a yellow 
oil. 

Example 70B 

2-(trifluoromethanesulfonvloxy\.4-brompmet hvlben2oic arid methyl ester 
To a stirred solution of 2-(trifluoromethanesulfonyloxy)-4-methylbenzoic acid 
methyl ester (19.6g. 65.8 mmol). prepared as in Example 70A. in 250 mL CCI 4 was 
added N-bromosuccinimide (12.29g, 69.1 mmol) followed by 2,2'-azobisisobutyronitrile 
(108 mg, 0.658 mmol) and the reaction was heated to reflux. After 16 hours, the reaction 
was evaporated and the residue was purified by flash chromatography over silica gel 
(10% ethyl acetate-hexanes) to give 19.9 g (80%) of 2-(trifluoromethanesulfonyloxy)-4- 
bromomethylbenzoic acid methyl ester as a yellow oil. 
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Example 7QC 

4-(3-pyrj(JvlQxvmethvi)-2-(trifluoromethan6sulfnn V i oxv^ben2oic acid methvl esfr r 
A solution of 2-(trifluoromethanesulfonyloxy)-4-bromomethylbenzoic acid methyl 
ester (2.97 g, 7.87 mmol), prepared as in Example 70B. in 20 mL of CH 2 CI 2 was 
combined with a solution of the potassium alkoxide of 3-OH pyridine (1 .57g, 1 1 .8 mmol) 
in 20 mL of H 2 0. Tetrabutylammonium bromide (3.80g, 1 1 .8 mmol) was added and the 
reaction was stirred vigorously at 25 °C for 1 .5 hours. The reaction was poured into a 
separatory funnel and the layers were separated. The aqueous layer was washed with 
CH 2 CI 2 (2x50 mL) and the CH 2 CI 2 layer was washed twice with water. The organic 
layers were combined and dried over Na 2 SO«, filtered and evaporated to an oil and 
purifed by flash chromatography over silica gel to give 4-(3-pyridyloxymethyl)-2- 
(triluoromethanesulfonyloxy)benzoic acid methyl ester (861 mg, 28%) as a light brown 
oil. 



Example 7nn 

4.(3-pvridvloxvmethvn-2.f2.m e thy| D henvhhen7ni c acid methvl gst«r 
To a solution of 4-(3-pyridyloxymethyl)-2-(trifluoromethanesulfonyloxy)benzoic 
acid methyl ester (216mg, 0.55 mmol), prepared as in Example 70C, in 4 mL of DMF at 
25 °C was added PdCI 2 (PPh 3 )2 (38mg, 0.055 mmol, 10 mol%) followed by 2-tolyl boronic 
acid (1 13mg, 0.83 mmol) and Cs 2 CQ, (270mg, 0.83 mmol) and the reaction was heated 
to 80 °C for 12 hours. The reaction was then cooled to ambient temperature, taken up in 
50 mL ethyl acetate, and washed with H 2 0 (5 x 10 mL). The organic phase was dried 
over Na 2 S0 4 , filtered and evaporated to an oil. Purification by radial chromatography 
using a gradient of 25% ethyl acetate-hexanes to 75% ethyl acetate-hexanes gave 4-(3- 
pyridyloxymethyl)-2-(2-methylphenyl)benzoic acid methyl ester (178 mg, 97%) as an oil. 

Example 7QP 

4-f3-pyri(jvloxvmethvn-2-(?-methvlnhenvh h enzoic acid 
The 4-(3-pyridyloxymethyl)-2-(2-methylphenyl)benzoic acid methyl ester prepared 
in Example 70D (160 mg, 0.48 mmol) was dissolved in 5 mL of methanol and 1 mL of 
saturated aqueous LiOH was added. The reaction was heated to reflux for 1hour. The 
reaction was then evaporated and 1 mL of formic acid was added to acidify the crude 
product to pH =3. The reaction was evaporated again to remove formic acid and 5 mL of 
ethyl acetate and 1 mL of H 2 0 were added to completely solubilize the reaction mixture. 
The aqueous layer was extracted with ethyl acetate (3x5 mL) and all the ethyl acetate 
layers were combined and dried over Na 2 S0 4 . filtered and evaporated to give 4-(3- 
pyridyloxymethyl)-2-(2-methylphenyl)benzoicacid (131 mg, 86%) as an oil. 
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Example 70F 

f4-f3-Dvridvloxvmethvh-2-(2-methvlPhenvhben7Q vl1methionine methvl ester 
The 4-(3-pyridyloxymethyl)-2-(2-methylphenyl)benzoic acid prepared in Example 
70E (153mg, 0.48 mmol) was dissolved in 2 mL of DMF and 3-hydroxy1 ,2.3- 
benzotriazin-4(3H)-one (39mg, 0.24 mmol) was added followed by methionine methyl 
ester HCI (48mg, 0.24 mmol), (3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
(46mg, 0.24 mmol) and triethylamine (0.03mL, 0.32 mmol) and the reaction mixture was 
stirred for 16 hours at 25 °C. The reaction mixture was taken up in ethyl acetate and 
washed three times with water and three times with brine. The ethyl acetate layer was 
dried over Na 2 S0 4 , filtered and evaporated to an oil. Purification by radial 
chromatography (2-8 %methanol-chloroform gradient with 0.25% NH 4 OH) gave 4-(3- 
pyridyloxymethyl)-2-(2-methylphenyl)benzoyl]methionine methyl ester (72mg. 32%) as an 
oil. 

Example 70Q 

f4W3-Pvridvloxvmethvn-2.f2.methvlphenyhbenzovnmethionine 
The [4-(3-pyridyloxymethyl)-2-(2-methylphenyl)benzoyl]methionine methyl ester 
prepared in Example 70F (72mg, 0.15 mmol) was dissolved in 3 mL of THF and 1 mL of 
saturated aqueous LiOH was added. The reaction mixture was stirred at room 
temperature for 1 hour. The reaction was thoroughly evaporated and formic acid was 
added until pH = 3 was obtained at which time the reaction was evaporated to dryness 
and 10 mL of ethyl acetate was added followed by a minimum quantity of H 2 0 (-1 mL) to 
completely solubilize the free acid and the water soluble salts, respectively. The layers 
were separated and the aqueous layer was extracted with ethyl acetate (3x5 mL). The 
ethyl acetate layers were combined, dried over Na 2 S0 4 , filtered and evaporated to give 
58mg (84%) of [4-(3-pyridyloxymethyl)-2-(2-methylphenyl)benzoyl]methionine as an 
amorphous solid. 'H NMR (300 mHz, CD 3 OD) 88.30 (d. 1H), 8.15 (dd. 1H), 7.68 (bd. 
1H), 7.58 - 7.48 (m, 2H), 7.40 - 7.30 (m, 2H), 7.26 - 7.16 (m, 4H), 5.25 (s. 2H), 4.50 - 
4.40 (m, 1 H). 2.20 - 2.02 (m, 5H), 2.00 (s, 3H), 2.00 - 1 .90 (m, 1 H). 1 .80 - 1 .68 (m, 1 H) 
CIMS MH* 451. 



Example 71 

f4-f3-Pvridvloxvmethvn.2-f3-methylphenvhbenzovHmethiQninft 
The desired compound was prepared according to the method of Example 70. 
except substituting 3-methylphenyl boronic acid for 2-methylphenyl boronic acid. 1 H 
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NMR (300 mHz, CD 3 OD) 88.30 (d. 1H), 8.15 (d, 1H), 7.68 - 7.48 (m, 6H), 7.40 - 7.16 
(m. 4H). 5.25 (s. 2H). 4.50 - 4.40 (m, 1H), 2.40 (s. 3H), 2.18-1 .75 (m, 7H); CIMS MH* 
451. 



Example 72 

f4-f3-PVridvlQXVmethvl)>2W4.methvlph e nvhhAn 70vl1mathinninft 
The desired compound was prepared according to the method of Example 70. 
except substituting 4-methylphenyl boronic acid for 2-methylphenyl boronic acid. 1 H 
NMR (300 mHz. CD 3 OD) 58.30 (d. 1H), 8.15 (d, 1H), 7.58 - 7.44 (m. 4H). 7.40 - 7.28 
(m, 3H), 7.24 - 7.10 (m, 3H). 5.25 (s, 2H), 4.42 (dd. 1H), 2.10- 1.90 (m, 6H), 1.84 - 1 70 
(m, 1H). CIMS MKT 451. 




0 < 

SM« 

Examples 73-7S 
Example 73 

f4-(3-PYridy|pxvrnethvn-2-f2-methQxvphen V l ^n?ovl1methioninft 
The desired compound was prepared according to the method of Example 70. 
except substituting 2-methoxyphenyl boronic acid for 2-methylphenyl boronic acid. 1 H 
NMR (300 mHz. CD 3 OD) 68.30 (d. 1H). 8.15 (d. 1H). 7.68 (bd. 1H). 7.54 - 7.50 (m. 2H). 
7.38 - 7.32 (m. 3H). 7.22 (dd, 1 H), 7.04 - 6.98 (m. 2H). 5.25 (s. 2H), 4.42 (dd. 1 H). 3.74 
(s. 3H). 2.16- 2.08 (m, 2H). 2.00 (s. 3H), 1.98- 1.86 (m. 1H). 1.78- 1.64 (m. 1H). CIMS 
MH* 467. 



Example 74 

f4-(3-pyndVlQXYmflthvn-2-(3-methoxvphenvnben7 Q ynmethi Q ni n ^ 
The desired compound was prepared according to the method of Example 70. 
except substituting 3-methoxyphenyl boronic acid for 2-methylphenyl boronic acid. 'H 
NMR (300 mHz. CD 3 OD) 88.34 (s. 1H), 8.15 (d. 1H). 7.60-7.54 (m, 4H). 7.38 - 7.24 
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(m. 3H), 7.02 - 6.90 (m, 3H), 5.25 (s, 2H), 4.44 (dd. 1H), 3.82 (s. 3H), 2.18-1.90 (m, 6H), 
1 .92 - 1 .82 (m. 1 H); CIMS MH* 467. 



f4-f3-DVridvloxvmethvh-2>f4-m6thoxvnhanyh ben2Qvl]methioninft 
The desired compound was prepared according to the method of Example 70. 
except substituting 4-methoxyphenyl boronic acid for 2-methylphenyl boronic acid. 'H 
NMR (300 mHz, CD 3 OD) 58.34 (s, 1H), 8.15 (bs, 1H), 7.72 - 7.42 (m . 6H), 7.40 - 7.35 
(m. 2H), 6.96 - 6.90 (m, 2H)5.25 (s. 2H), 4.44 (dd, 1H), 3.84 (s. 3H), 2.20 - 1.90 (m, 6H) 
1 .88 - 1 .76 (m. 1 H); CIMS MH* 467. 



Example 76 

f4-r2-(PVrid-3-vnethenvl1-2-Dhenvlben7oyl} methionine methyl gst fi r 

Example 76A 
2-Dhenvl-4-nitrobenzoic arid methvl ester 
A mixture of methyl 2-chloro-4-nitrobenzoate (44.2 g, 205 mmol), phenylboronic 
acid (27.5 g, 226 mmol), sodium carbonate (2.0 M in water, 123 ml_, 246 mmol), and 
bis(triphenylphosphine) palladium(ll) chloride (2.8 g, 4 mmol) in dioxane (300 mL) was 
degassed by nitrogen, and heated at 90-95 °C for 20 hours. The reaction mixture was 
diluted with ether (500 mL) and ethyl actate (500 mL), washed with water (2 times, 200 
mL each) and brine, dried over anhydrous magnesium sulfate, filtered, and concentrated 
in vacuo. The residue was recrystalized from hexane-ethyl acetate (1/1) to give 2- 
phenyl-4-nitrobenzoic acid methyl ester as a white solid (43.3 g). The mother liquid from 
the recrystalization was concentrated in vacuo, and the residue was purified by column 
chromataography (80:15:5 hexane-chloroform-ethyl acetate) to yield an additional 5.2 g 



Example 75 




SCH 3 



Examples 76.77 
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of the desired compound (total yield 48.5 g, 92%). 1 H NMR (300 MHz, CDCI 3 ) 5 8.25 (d. 
1H). 8.24 (dd, 1H), 7.94 (dd, 1H), 7.44 (m, 3H), 7.35 (m, 2H), 3.67 (s. 3 H). 

Example 7fiB 
2-phenvl-4-aminoben7oic acid methvl ester 
A mixture of the 2-phenyl-4-nitrobenzoic acid methyl ester prepared in Example 
77A (48.4 g, 188 mmol), palladium (10%) on carbon (2.1 g), and ammonium formate 
(59.4 g, 941 mmol) in methanol (500 ml) was refluxed for 3 hours. The solvent was 
removed in vacuo, and the residue was desolved in a miminum amount of hot methanol 
(about 30 mL). To this solution was added chloroform and ether (1/1 ratio, 400 mL). and 
the mixture was filtered through a plug of silica gel (80 g) and rinsed with chloroform. 
The filtrate was concentrated in vacuo to give pure 2-phenyl-4-aminobenzoic acid methyl 
ester (42.4 g, 99%). 1 H NMR (300 MHz. CDCI3) 8 7.80 (d. 1 H), 7.40-7.25 (m, 5H), 6.65 
(dd, 1H), 6.57 (d, 1H), 3.60 (s3H). 

Example 7RC 
4-iodo-2-Phenvlbenzoifi a cid methvl ester 
To a 0 °C suspension of the 2-phenyl-4-aminobenzoic acid methyl ester prepared 
in Example 76B (4.54 g, 20 mmol) in 6.0 N HCI (20 mL) and acetone (10 mL) was added 
dropwise a solution of sodium nitrite (1 .66 g, 24 mmol) in a minimum amount of water. 
After 30 minutes, potassium iodide (6.64 g, 40 mmol) in a minimum amount of water was 
added dropwise to the reaction mixture. The internal temperature of the reaction mixture 
was maintained under 5 °C for both additions. The reaction mixture was then stirred at 
ambient temperature for one hour. The reaction mixture was diluted with ether (200 mL). 
washed with water, sodium bisulfite (10% aqueous solution), water and brine, dried over 
anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue was 
purified by column chromatography (8% ethyl acetate-hexane) to give 4-iodo-2- 
phenylbenzoic acid methyl ester (3.98 g, 59%). 1 H NMR (300 MHz. CDCI 3 ) 6 7.77 (m. 
2H). 7.55 (d. 1H), 7.38 (m. 3H). 7.27 (m. 2H), 3.63 (s, 3H). Ms (CI+): 356 (M+NH 4 )+. 

Example 76D 
(4-iodo-2-Phenvlben7nyl) methionine methvl ester 
A mixture of the 4-iodo-2-phenylbenzoic acid methyl ester prepared in Example 
76C (2.77 g, 8.20 mmol) in aqueous saturated lithium hydroxide (3 mL) and methanol (10 
mL) was heated at 60 °C for 12 hours. The mixture was then acidified with concentrated 
HCI to pH about 2, and extracted twice with ethyl acetate (50 mL each). The combine 
extracts was washed with brine, dried over anhydrous magnesium sulfate, filtered, and 
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concentrated in vacuo. The residue was suspended in dichloromethane (10 mL), and 
oxalyl chloride (2.0 M in dichloromethane, 6.2 mL)was added, followed by a small drop of 
DMF. The mixture was stirred at room temperature for 1 hour, and then was 
concentrated in vacuo, followed by further drying under high vacuum for 10 minutes. To 
the residue was added dichloromethane (20 mL). L-methionine methyl ester 
hydrochloride (1.64 g, 8.05 mmol) and triethylamine (3.4 mL, 24.6 mmol). The reaction 
mixture was stirred at room temperature for 12 hours. The mixture was diluted with ether 
(50 mL), filtered through silica gel (30 g), and concentrated in vacuo. The crude product 
was purified by column chromatography (40:40:20 hexane-chlorofomvether) to give (4- 
iodo-2-phenylbenzoyl)methionine methyl ester (3.46 g, 90%). 1 H NMR (300 MHz, 
CDCI 3 ) 5 7.76 (m, 2H), 7.42 (m, 6H), 5.88 (br d, 1H), 4.65 (m, 1H), 3.68 (s, 3H), 2.05 (m, 
2H), 2.00 (s, 3H), 1 .90 (m, 1 H), 1 .73 (m, 1 H). 

Example 76F 
3-Vinvtpvridinft 

To a slurry of methyltriphenylphosphine chloride (18.0 g, 50.5 mmol) in THF (20 
mL) was added slowly sodium bis(trimethylsilyl)amide (1 .0 M solution in THF. 50 mL). 
After the mixture was stirred at room temperature for 30 minutes, the reaction was cooled 
to 0 °C, and 3-pyridinecarboxaldehyde (4.72 mL, 50.0 mmol) was added slowly to the 
mixture. After 30 minutes, the reaction mixture was diluted with ether (100 mL) and 
filtered through silica gel (100 g), rinsed with ether, and concentrated in vacuo. The 
resulting liquid was diluted with 1 :1 hexane-ether (50 mL), and was again filtered through 
silica gel (50 g), rinsed with 70:30 ether-hexane and concentrated in vacuo to give3- 
vinylpyridine (4.31 g, 82%). ^H NMR (300 MHz. CDCI 3 ) 8 8.63 (d, 1H), 8.50 (dd. 1H). 
7.74 (m, 1H), 7.26 (m, 1H), 6.71 (dd, 1H), 5.83 (d, 1H), 5.39 (d. 1H). 

Example 76F 

(4-f2-(DVrid-3-vl)ethenvn-2-Phenvlben7ny llmethionine methvl ester 
A mixture of the (4-iodo-2-phenylbenzoyl)methionine methyl ester prepared in 
Example 76D (655 mg, 1 .40 mmol), the vinylpyridine prepared in Example 76E (221 mg, 
1 .5 mmol), triethylamine (0.29 mL, 2.10 mmol), [1,1'- 

bis(diphenylphosphino)ferrocene]palladium(ll) chloride, complexed to dichloromethane 
(1:1) (114 mg, 0.14 mmol) in DMF (2 mL) was degassed with nitrogen, and heated at 100 
°C for 14 hours. The reaction mixture was diluted with ether (100 mL), washed with 
water and brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in 
vacuo. The residue was purified by column chromatography (ethyl acetate) to give {4-[2- 
(pyrid-3-yl)ethenyl]-2-phenylbenzoyl}methionine methyl ester (366 mg. 56%). 1 H NMR 



WO 97/17070 





PCT/US96/17092 



135 



(300 MHz, CDCI 3 ) 58.75 (d, 1H), 8.51 (dd, 1H), 7.85 (dt, 1H), 7.76 (d. 1H), 7.59 (dd. 1H), 
7.48 (dd, 1H), 7.44 (m. 5H), 7.31 (dd. 1H), 7.22 (d. 1H), 7.16 (d. 1H), 5.94 (br d. 1H). 
4.69 (m, 1H). 3.68 (s, 3H), 2.08 (m, 2H), 2.02 (s. 3H), 1.93 (m, 1H), 1.76 (m. 1H). MS 
(APCI+) m/e 447 (M+H)+. 



(4-f2-(PVnd-3-vl)ethenvl1>2-Dhenvlben2Qyl)m fl thiQnine sodium . 
To a solution of the {4-(2-(pyrid-3-yl)ethenyl]-2-phenylbenzoyl}methionine methyl 
ester prepared in Example 76 (136 mg, 0.304 mmol) in methanol (2 mL) was added a 
solution of sodium hydroxide (0.979 U, 0.334 mL). After 14 hours, the solvent was 
evaporated in vacuo to give {4-[2-(pyrid-3-yl)ethenyl]-2-phenylbenzoyl}methionine 
sodium salt (141 mg, 100%). NMR (300 MHz, DMSO-d 6 ) 5 8.90 (d, 1H), 8.46 (dd. 
1H). 8.07 (dt, 1H), 7.64 (m. 2H), 7.50-7.35 (m, 10H), 3.78 (m, 1H), 2.10 (m, 2H), 1.98 (s. 
3H), 1 .76 (m, 2H). MS (APCI-) m/e 433 (M+H)+. 



Example 7ft 

f4-f2-(PVrid-3-vnethvl1-2»Dhenvlbenzo V »m e thioni n e methvl esiar 
A mixture of the {4.[2-(pyrid-3-yl)ethenyl]-2-phenylbenzoyl}methionine methyl 
ester prepared in Example 76 (160 mg, 0.36 mmol) and palladium (10%) on carbon (460 
mg, 0.43 mmol of palladium) in methanol was flushed with hydrogen, and stirred under a 
positive hydrogen pressure for 8 hours. The mixture was then filtered through Celite. 
rinsed with ethyl acetate, and concentrated in vacuo. The residue was purified by 
column chromatography (ethyl acetate) give {4-[2-(pyrid-3-yl)ethyl]-2- 
phenylbenzoyljmethionine methyl ester (1 15 mg, 71%). 1H NMR (300 MHz, CDCI3) 6 
8.45 (m, 2H). 7.64 (d, 1H), 7.40 (m, 7H), 7.22 (dd, 2H), 7.10 (d, 1H), 5.87 (br d, 1H), 4.68 
(m, 1H). 3.67 (s, 3H), 2.99 (m. 4H), 2.08 (m, 2H), 2.02 (s, 3H), 1.93 (m, 1H), 1.76 (m. 
1 H). MS (APCh) m/e 449 (M+H)+. 



Example 77 




Examples 7ft.7Q 
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Example 79 

(4-f2-(Dvrid-3-vnethvll-2-Dhenvlpen2Qyl)mfl thionine s^j ur n ^ 
The desired compound was prepared by saponification of {4-[2-(pyrid-3-yl)ethyl]-2- 
phenylbenzoyljmethionine methyl ester, prepared as in Example 78 according to the 
procedure of Example 77. 'H NMR (300 MHz. DMSO-d 6 ) 8 8.45 (d, 1H), 8.40 (dd, 1H), 
7.69 (dt, 1H), 7.40-7.20 (m, 9H), 7.07 (br d, 1H), 3.76 (m, 1H), 2.97 (s, 4H), 2.10 (m. 2H). 
1 .96 (s, 3H), 1 .76 (m, 2H). MS (APCI+) m/e 435 (M+H)+ as the acid form. 




0 S • 

SCH 3 

Examples 80-89 
Example 80 

{4-f2-(4-dimethvlaminonvrid-3-vnethenvn-2-phenvlh enzovl\methiQnine sodium salt 

Example 8QA 
3-bromo-4-dimethyjaminopyridine 
To a mixture of 4-dimethylaminopyridine (5.00 g, 41 mmol), potassium carbonate 
(50 g in 50 mL of water), tetrabutylammonium hydrogensulfate (1 .4 g, 4.1 mmol) and 
dichloromethane (100 mL) was added a solution of bromine (4.2 mL, 82 mmol) in 
dichloromethane (30 mL) via an addition funnel over 30 minutes. After 3 hours, the 
reaction mixture was diluted with ether (100 mL), washed with water and brine, dried 
over anhydrous sodium sulfate, filtered, and concentrated in vacuo. The residue was 
then purified by column chromatography (ethyl acetate) to give 3-bromo-4- 
dimethylaminopyridine (4.89 g, 59%). 1H NMR (300 MHz. CDCI 3 ) 8 8.51 (s, 1H), 8.27 
(d. 1H), 6.79 (d, 1H), 2.97 (s.6H). 

Example 80B 
3-vinvl-4-dimethvlaminopvririinfl 
A mixture of the 3-bromo-4-dimethylaminopyridine prepared in Example 80A (1 .29 
g, 6.39 mmol) vinyltributyltin (2.23 g, 7.02 mmol), bis(triphenylphosphine)palladium(ll) 
chloride (224 mg, 0.32 mmol) in toluene (10 mL) was heated at 100 °C for 1 2 hours. To 
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the stirring reaction mixture at room temperature was added ether (30 mL), water (0.2 
mL) and l.8-diazabicyclo[5.4.0]undec-7-ene (0.5 mL). The resulting mixture was filtered 
through silica gel (15 g), rinsed with ethyl acetate, and concentrated in vacuo. The 
residue was purified by column chromatography (50% ethyl acetate-hexanes, then ethyl 
acetate) to give 3-vinyl-4-dimethylaminopyridine (1.1 1 g, contaminated with about 10 
mol% of tributyltin derivatives). 1 H NMR (300 MHz, CDCI 3 ) 8 8.39 (s. 1 H). 8.26 (d. 1 H), 
6.77 (dd, 1 H), 6.70 (d, 1 H). 5.65 (dd, 1 H), 5.29 (dd. 1 H), 2.87 (s. 6H). 

Example flOC 

{4-f2-(4.dim9thvlaminonvrid-3-vnethenvn-2-Dhenvlh ftnzovl)methionine methyl P«fr»r 
The desired compound was prepared according to the method of Example 76. 
except substituting 3-vinyl-4-dimethylaminopyridine, prepared as in Example 80B, for 3- 
vinylpyridine. 1 H NMR (300 MHz, CDCI3) 6 8.52 (br s, 1H). 8.30 (br d. 1 H). 7.76 (d, 1 H), 
7.59 (dd. 1 H). 7.47 (m. 6H). 7.22 (d. 1 H), 7.03 (d. 1 H). 6.78 (br d. 1 H). 5.95 (br d. 1 H). 
4.69 (m. 1H). 3.67 (s. 3H). 2.92 (s. 6H). 2.10 (m. 2H). 2.02 (s. 3H). 1.93 (m. 1H). 1.76 (m, 
1H). MS (CI+) rn/e 490 (M+H) + . 

Example BOD 

{4-r2-(4-dimethYlaminonvrid-3-vnethenvl1-2-phenvl benzovnmethionine sodium salt 
The desired compound was prepared by saponification of {4-[2-(4- 
dimethylaminopyrid-3-yl)ethenyl]-2-phenylbenzoyl}methionine methyl ester, prepared as 
in Example 80C. according to the method of Example 77. ^H NMR (300 MHz. DMSO- 
d 6 ) 58.42 (s 1H). 8.11 (d. 1H), 7.58 (d. 1H). 7.47-7.07 (m. 10H). 6.79 (d. 1H). 3.76 (m. 
1 H). 2.97 (s. 6H). 2.02 (m. 2H). 1 .88 (s. 3H). 1 .68 (m. 2H). MS (APCI+) m/e 476 (M+H)+ 
as the acid form. 



Example 81 

f4-f2-(5-bromoDvrid-3-vnethenyl 1.2-DhenvlbBnzovHmethionine sodium salt 

Example 81 A 
3-vinvl-5-bromopyririinp 
The desired compound was prepared according to the method of Example 80B. 
except substituting 3.5-dibromopyridine for 3-bromo-4-dimethylaminopyridine. 1 H NMR 
(300 MHz. DMSO-d 6 ) 5 8.56 (d. 1H). 8.53 (d. 1H). 7.87 (t. 1H), 6.64 (dd. 1H). 5.85 (d. 
1H), 5.44 (d. 1H). 
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Example 81 B 

(4-f2-(5-bromopvrid-3-vnethenvll-g.phft nvlbenzovl)methionine sodium sa . lf 
The desired compound was prepared according to the method of Examples 80C 
and D, except substituting 3-vinyl-5-bromopyridine. prepared as in Example 21 5A. for 3- 
vinyl-4-dimethylaminopyridine. NMR (300 MHz, CDCI 3 ) 8 8 8.79 (d, 1 H). 8.59 (d, 1 
H), 8.39 (br s, 1 H), 7.66-7.34 (m, 1 1 H), 3.78 (m, 1 H), 2.13 (m. 2 H), 1 .98 (s. 3 H). 1 .77 
(m, 2 H). MS (APCI +) m/e <79B r ) 51 1 (M+H)+ as the acid form. 

Example fl? 

f4-f2-(5'CarbOXVmethvlPVrid-3-vhethenvn-2.phenylhfln ? ovl)methionine hvdrochlnhfte 

Example R9A 
3-vinv|.5-carboxvmftthyl Py ririino 
The desired compound was prepared according to the method of Example 80B, 
except substituting methyl 3-bromonicotinate for 3-brom-4-dimethylaminopyridine. 1 H 
NMR (300 MHz, DMSO-d 6 ) 8 9.09 (d, 1H), 8.78 (d, 1H), 8.34 (t, 1H), 6.76 (dd. 1 H). 5.93 
(d, 1H),5.49 (d, 1H), 3.97 (s. 3H). 

Example 82B 

f4-f2'f5-carboxvmethvlPvrid.3.vl^thftnvn.2.phenylb enzovl\methionine methvl ester 
The desired compound was prepared according to the method of Example 76F, 
except substituting 3-vinyl-5-carboxymethyipyridine, prepared as in Example 82A, for 3- 
vinylpyridine. 1 H NMR (300 MHz, CDCI3) 8 9.11 (d, 1H), 8.87 (d, 1H), 8.45 (t. 1H), 7.78 
(d, 1H),7.59 (dd. 1H),7.51 (d, 1H), 7.47 (m, 5H), 7.30 (d, 1H), 7.20 (d, 1H), 5.91 (brd. 
1 H), 4.68 (m, 1 H), 3.97 (s, 3H). 3.67 (s. 3H). 2.08 (m, 2H), 2.02 (s, 3H). 1 .94 (m, 1 H), 
1 .76 (m. 1 H). MS (CI+) m/e 505 (M+H)+. 

Example 82C 

{4-f2-(5-carbQXVmethvlPvrid-3-vnethenvn-2.phf>n ylbenzoyl)methionine hydrochloride 
To a solution of the {4-[2-(5-carboxymethylpyrid-3-yl)ethenyl]-2- 
phenylbenzoyl}methionine methyl ester prepared in Example 82B (90.4 mg, 0.179 mmol) 
in methanol (2 mL) was added a solution of sodidum hydroxide (0.979 H, 0.098 mL). 
After 14 hours, additional sodium hydroxide (0.979 H, 0.036 mL) was added to the 
reaction mixture. After 5 hours, tic indicated that no starting material remained. The 
reaction was then quenched with hodrogen chloride (1.0 M in ether, 1 mL), and the 
solvent was evaporated in vacuo to give the title compound (105 mg, 100%) as a mixture 
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of nicotinic acid methyl ester and nicotinic acid (ratio, 1:2). 1 H NMR (300 MHz. DMSO 
d 6 ) 8 9.07.9.04 (2 d's. 1H), 8.98 (d. 1H), 8.67.8.57 (m's. 2H). 7.80-7.30 (m. 1 1H), 4.1 1 (, 
1H). 3.95 (s, from the methyl ester). 2.20 (m. 2H). 2.00 (s. 3H). 1.94 (m. 2H). MS 
(APCI+) m/e 491 (M+H)+ for the diacid. 505 (M+H)+ for nicotinic acid methyl ester. 



SCH 3 

Example B3 

{4-f2-(1-H-imidarole-1-vnethenvn-2-phenvlhen 7. OV |\methionine sodium , ft fl't 
The desired compound was prepared according to the method of Examples 76 

and 77. except substituting 1 -vinylimidazole for 3-vinylpyridine. 1 H NMR (300 MHz 

DMSO-d 6 ) 8 8.02 (m. 2H). 7.71 (s. 1H). 7.53-7.30 (m. 8H). 7.15 (m. 2H), 7.07 (d. 1H). 

3.73 (m. 1H), 2.10(m.2H). 1.97 (s.3H). 1.77 (m.2H). MS (APCI+) m/e 444 (M+Na)+ 

the acid form. 



{4-r(PYrid-3-vl)ethynvl1-2-DhenvlbenzoyUmethi o nine r^th y 1 ff?tft r 
A mixture of (4-iodo-2-phenylbenzoyl)methionine methyl ester, prepared as in 
Example 76D. (469 mg. 1.0 mmol). [l.l'-bi^diphenylphosphinOferroceneJpalladiumill) 
chloride, complexed to dichloromethane (1 :1) (82 mg. 0.10 mmol), and ethynyltributyltir 
(315 mg. 1 .0 mmol) in DMF (5 mL) was heated at 80 °C for 6 hours at which point thin 
layer chromatography indicated no starting iodide left. 3-Bromopyridine (0.1 14 mL. 1 .2 





SCH 3 

Example 84 

{4-f(pvrid-3-vl)ethvnvll-2-phenviben7nyl}m e thionine hydroc hloric 



Example 84A 
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mmol) and triethylamine (0.42 mL, 3.0 mmol) were added and the reaction mixture was 
heated at 100 °C for 14 hours. The reaction mixture was diluted with ether (50 mL) and 
ethyl acetate (50 mL). washed with water and brine, dried over anhydrous magnesium 
sulfate, and filtered. To the filtrate was added 3 drops of water, followed by 1 ,8- 
diazabicyclo[5.4.0]undec-7-ene (0.2 mL) with swirling. The resulting milky mixture was 
filtered through silica gel (15 g), rinsed with ethyl acetate, and concentrated in vacuo. 
The residue was then purified by column chromatography (50% ethyl acetate-hexane, 
then ethyl acetate) to give {4-[(pyrid-3-yl)ethynyl]-2-phenylbenzoyl}methionine methyl 
ester (109 mg, 24%). i H NMR (300 MHz. CDCI 3 ) 5 8.79 (s. 1 H), 8.58 (dd, 1 H), 7.82 (dt, 
1H), 7.74 (d, 1H). 7.59 (dd, 1H), 7.57 (s, 1H), 7.45 (m, 5H), 7.31 (dd, 1H), 5.93 (br d. 1H), 
4.69 (m, 1H). 3.68 (s. 3H), 2.08 (m. 2H). 2.02 (s. 3H), 1.93 (m, 1H). 1.76 (m, 1H). MS 
(CI+) m/e 445 (M+H)+. 

Example 84B 

(4>f(Dvrid»3»vnethvnvl1.2.phenvlben?Qvl\m Rthionine hydrochloride 
To a solution of the {4-{(pyrid-3-yl)ethynyl]-2-phenylbenzoyl}methionine methyl 
ester prepared in Example 84A (48 mg, 0.108 mmol) in methanol (2 mL) was added 
aqueous sodidum hydroxide (0.979 U, 0.120 mL). After 14 hours, the reaction was 
quenched with hydrochloric acid (3.0 N. 0.1 mL), and the solvent was evaporated in 
vacuo to give (4-[(pyrid-3-yl)ethynyl]-2-phenylbenzoyl}methionine hydrochloride (61 mg. 
100%). 1H NMR (300 MHz. DMSO-de) 5 8.95 (d, 1H), 8.89 (d, 1H), 8.84 (dd, 1H), 8.11 
(dt, 1H), 7.68 (dd. 1H), 7.63 (d, 1H), 7.57 (dd, 1H), 7.51 (d. 1H), 7.46 (m, 2H), 7.38 (m. 
2H), 4.31 (m. 1 H). 2.24 (m, 2H), 2.00 (s, 3H), 1 .86 (m, 2H). MS (APCI+) m/e 431 (M+H)+ 
as the acid form. 
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S0 2 CH 3 

Example 85 
/VW2-(Pvrid-3-vltethenvl1.2-Dhe^ 

Example 85A 

A/-(4-r2-(DVrid-3«vnethenvn-2.Dhenvlben2ovlV2.aminQ.4.rmethvlsulfQn vhbutanQic ariri 

methvl ester 

To a solution of {4-[2-(pyrid-3-yl)ethenyl]-2-phenylbenzoyl}methionine methyl ester 
(521 mg, 1.17 mmol), prepared as in Example 76, 4-methylmorpholine /V-oxide (551 mg, 
4.68 mmol), methylsulfonamide (222 mg, 2.34 mmol) and quinuclidine (13 mg, 0.12 
mmol) in tert-butanol (5 mL) and water (5mL) was added a solution of osmium tetraoxide 
(2.5 wt% in fert-butanol, 0.73 mL, 0.058 mmol) and the mixture was stirred at 45 °C for 
18 hours. The reaction mixture was diluted with ethyl acetate (100 mL), washed with 
water and brine, dried over anhydrous sodium sulfate, filtered, and concentrated in 
vacuo. The residue was purified by column chromatography (ethyl acetate, then 5% 
methanoi-ethyl acetate) to give the desired compound (71 mg, 15%) as the first fraction, 
and compound diol (285 mg, 56%, a 1:1 mixture of diastereomers) as the second 
fraction. NMR (300 MHz, CDCI3) 8 8.74 (s, 1 H), 8.53 (d. 1 H), 7.87 (dt. 1 H), 7.73 (d, 
1 H), 7.60 (dd, 1 H), 7.48 (m, 6 H), 7.32 (dd. 1 H), 7.19 (s, 2 H), 6.02 (br d. 1 H), 4.68 (m, 
1 H), 3.70 (s, 1 H), 2.95 9s, 3 H), 2.77 (m, 1 H), 2.65 (m, 1 H), 2.27 (m, 1 H), 1.99 (m, 1 
H). MS (CI +) m/e 479 (M+H)+. 
For compound 12a: 

Example 85B 

/V-(4-f2'(Pvrid-3-vnethenvll-2-phenvlbenzovl].2.amin o-4^methvlsulfonvhbutanoie acid 
The desired compound was prepared by saponification of the product of Example 
85A using the procedure of Example 77. 1 H NMR (300 MHz, DMSO-d 6 ) 6 8.80 (d, 1 H), 
8.45 (dd, 1H), 8.07 (dt. 1H), 7.65 (m, 2H), 7.54 (d. 1H), 7.43 (m, 8H), 7.25 (br d. 1H), 
3.88 (m, 1H), 2.89 (s, 3H), 2.78 (m, 2H), 1.96 (m, 2H). MS (FAB+) m/e 487 (M+Na)+ as 
the acid form. 
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S0 2 CH 3 

Example 86 

A/-(4»f2-rDVrid-3»vn-1.2-dihvdroxvethvl1-2.Dhen yiben2Qvn.9. a mtn^. 
(methvlsulfonvnbutanoie acid 

Example 86A 

A/-(4-f2-fDVrid-3-vn-1.2-dihvdroxvethvn-2.Dh envlben ? Qvl1-2-amino.A- 
(methvtsulfonvnbutanoic acid methvl ester 
The desired product was a side product in Example 85A. 1 H NMR (300 MHz, 
CDCI3) 5 8.47 (2 d's, 1H), 8.19.8.15 (2 s's. 1H), 7.61 (2 dt's. 1H), 7.57 (d. 1H). 7.40 (m, 
2H), 7.23 (m, 5H), 7.00 (dd, 1H), 6.25 (2 d's, 1H), 4.76 (m, 2H), 4.63 (m, 1H), 3.70.3.68 
(2s's. 3H), 2.92.2.93 (2s's, 3H), 2.80-2.52 (m. 2H), 2.24 (m. 1H). 1.97 (m. 1H). MS (CI+) 
m/e513(M+H)+. 

Example 86B 

/V-f4-f2-fDvrid-3-vn»1.2~dihvdroxvethvn-2.Dh envlben2ovl)-2-amino-4- 
tmethvlsulfonvnhutannir ariri 
The desired compound was prepared by saponification of the product of Example 
86A using the procedure of Example 77. 1 H NMR (300 MHz. DMSO-d6> 5 8.36 (m. 2H). 
7.58.7.55 (2 d's, 1H). 7.39-7.19 (m. 9H), 7.06 (s, 1H). 4.75.4.74 (2 s's. 2H). 3.75 (m. 1H). 
2.87 (s. 3H), 2.77 (m, 2H), 1.95 (m, 1H). MS (APCI+) m/e 499 (M+H + ) as the acid form. 
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Example 87 

W-f4-f2'(PVrifr3-vO-1 ?-dihvdroxvethvl dimethyl kataii-P-n henvlbenz Q vil.?. a minn.A. 

(methvlsulfonvnbutanoic aciri 

Example 87A 

/V-f4-f2-(pyrid-3-Yn-1 P-dihydroxvethvl dimethyl ketall.P-nh envlbenzovll.p.amin,^. 
(methvlsulfonvhbutanoic acir l methvl ester 
A solution of A/-{4-[2-(pyrid-3-yl)-1.2-dihydroxyethyl]-2-phenylben2oyl]-2.amino-4- 
(methylsulfonyl)butanoic acid methyl ester (79 mg, 0.154 mmol), prepared as in Example 
86A. toluenesuifonic acid (20 mg) in 2,2-dimethoxypropane (0.5 mL) and DMF (1 mL) 
was stirred at 50 °C for 6 hours. The reaction mixture was diluted with ether (100 mL), 
washed with saturated aqueous sodium bicarbonate, water and brine, dried over 
anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue was 
purified by column chromatography (ethyl acetate) to give the desired compound (71 mg, 
84%). 1 H NMR (300 MHz, CDCI 3 ) 88.61 (brs, 1H), 8.50 (d, 1H), 7.66 (m, 2H), 7.45-7.35 
(m, 6H), 7.24 (m, 2H), 6.0 (2 d'd. 1H). 4.78 (m, 2H), 4.67 (m, 1H), 3.70 (s, 3H), 3.69 (s. 
3H), 2.96 (s, 3H), 2.80-2.60 (m, 2H), 2.28 (m, 1H), 1.99 (m, 1H). MS (CI*) m/e 553 
(M+H)+. 

Example B7B 

W-f2-(PYHd-3-Yl)-1 .2-dihvdroxvethvl dimethyl ketal1-9.n h envlben2ovM.9. a min,wi. 

(methvlsulfonvnbutanoifi arid 
The desired compound was prepared by saponification of the product of Example 
86A using the procedure of Example 77. 1 H NMR (300 MHz, DMSO-d 6 ) 8 8.55 (dt. 1 H), 
8.48 9d, 1H), 7.76.7.73 (2 q's. 1H), 7.47-7.07 (m, 10H), 4.90 (m, 2H), 3.90 (m. 1H). 3.16 
(s, 6H), 2.73 (m. 1H), 2.28 (m. 1H), 1.94 (m. 2H). MS (APCI-) m/e 561 (M+Na)+. 
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Example 88 

AH 4-f 2-( Dvrid-3-vn- 1 ^-propipnovlethvll.g.ph envlbenzovll-a-amino^- 
(methvlsulfonvnbutanoic acid 

Example 88A 

A/-f4-f2-(Dvrid-3-vn-1.2>Dropionpvtethvn.2.phen vlben7ovn.?. a min^. 
(methvlsulfonvhbutaneic acid methyl aster 

To a solution of A/-{4-[2-(pyrid-3-yl)-1,2-dihydroxyethyl].2-phenylben2oyl]-2-amino- 
4-(methylsulfonyl)butanoic acid methyl ester (71 mg, 0.134 mmol), prepared as in 
Example 86A and 4-dimethylaminopyridine (3 mg) in dichloromethane (3 mL) was added 
propionic anhydride (0.066 mL, 0.402 mmol) and the reaction was stirred for 4 hours. 
The reaction mixture was diluted with ether (50 mL), washed with water and brine, dried 
over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue 
was purified by column chromatography (ethyl acetate) to give AH4-[2-(pyrid-3-yl)-l ,2- 
propionoylethyl]-2-phenylbenzoyl]-2-amino-4-(methylsulfonyl)butanoic acid methyl ester 
(79 mg, 90%). 1H NMR (300 MHz, CDCI3) 8 8.52 (br s. 1H), 8.39 (br s, 1H), 7.60 (d. 1H). 
7.55 (m, 1H), 7.41 (m, 3H), 7.26 (m, 4H), 7.07 (dd, 1H), 6.12 (m, 3H), 4.62 (m, 1H), 
3.681 ,3.684 (2 s's, 3H), 2.840.2.843 (2 s's, 3H), 2.78-2.57 (m, 2H), 2.34 (m, 4H), 2.25 (m. 
1H). 1.97 (m, 1H). 1.63 (m, 4H), 0.92 (m, 6H). MS (CI+) m/e 653 (M+H)+. 

Example 8BB 

A/-(4-f2-(Pvrtd-3-vn-1.2-propipnoylethyll-2-phen vlbenzovn-2-aminnwi. 
(methvlsulfonynbutanoic acid 
To a solution of the/V^-^^pyrid-S-yO-l^-propionoylethylJ^-phenylbenzoyll-a- 
amino-4-(methylsulfonyl)butanoic acid methyl ester prepared in Example 88A (71 mg, 
0.109 mmol) in anhydrous ether (2 mL) and THF (2 mL) was added solid potassium 
trimethylsilanolate (41 mg, 0.327 mmcl). After 1 hour, hydrogen chloride (4.0 N in 1,4- 
dioxane, 0.1 mL) was added to the reaction mixture and the solvent was evaporated in 
vacuo to give AH4-[2-(pyrid-3-yl)-1 ,2-propionoylethyl]-2-phenylbenzoyl]-2-amino-4- 
(methylsulfonyl)butanoic acid (82 mg, 100%). NMR (300 MHz. DMSO-d 6 ) 5 8.77-8.60 
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(m, 3H), 8.28 (brd, 1H), 7.88 (brs, 1H), 7.43-7.22 (m, 8H), 5.05 (d. 1H), 4.91 (d, 1H). 
4.30 (m, 1H), 2.94 (s, 3H), 2.92-2.70 (m, 2H), 2.40-2.10 (m. 5H), 1.98 (m, 1H), 1.47 (m 
4H), 1.90-1.72 (m, 6H). MS (FAB - ) m/e 637 (M-H)- (only major peak above molecular 
weight 500). 



SCH 3 

Example RQ 

f4-f1H-imidaZ0l-4-vlmethvlam(nomethyl).9 . P henvlben7o V nmethioninfi 

Example 89A 
4-azid0methvl-1 H-1 -triphfinylm ftthvlimidazolft 
To a -10 °C solution in toluene (3 mL) of triphenylphosphine (787 mg, 3.0 mmol) 
was added a solution of diethylazodicarboxylate (0.47 mL. 3.0 mmol) in toluene (3 mL) 
dropwise over 1 0 minutes. A slurry of 4-hydroxymethyl-1 H-1 -triphenylmethylimidazole 
(684 mg, 2.0 mmol), prepared as in Example 41 A, in dichloromethane (10 mL) was 
added and the reaction mixture was stirred for 30 minutes. A 1 M solution of HN 3 in 
toluene (10 mL. 10 mmol) was added, the cold bath was removed, and the reaction 
mixture was stirred for 1 hour. The reaction mixture was diluted with ethyl acetate and 
extracted with aqueous 1N sodium hydroxide, water and brine, dried over sodium sulfate, 
filtered, and concentrated in vacuo. Chromatography on silica gel (50% ethyl acetate- 
chloroform) gave 4-azidomethyl-1 H-1 -triphenylmethylimidazole (626 mg, 86%). 



f4-f 1 H-1 •triphenv|rpgthYlimidazol-4-vlmethvlaminomethyn - 2-Dhenylheny OV |1methinn l 



To a solution in THF (3 mL) of 4-azidomethyl-1 H-1 -triphenylmethylimidazole (220 
mg, 0.60 mmol), prepared as in Example 89A, and (4-carboxyaldehyde-2- 
phenylbenzoyl)methionine methyl ester (186 mg, 0.50 mmol), prepared as in Example 
160B, was added triphenylphosphine (157 mg, 0.60 mmol) and the reaction mixture was 
stirred for 1 hour and at 65 a C for 3 hours. The reaction mixture was cooled to ambient 
temperature and 2-propanol (2 mL) and sodium cyanoborohydride (94 mg, 1.5 mmol) 




Example R9R 



methyl ester 
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were added. The reaction mixture was stirred for 0.5 hours and then was poured into 
aqueous 2N sodium hydroxide. The mixture was extracted twice with ethyl acetate. The 
combined organic extracts were washed with water, saturated aqueous sodium 
bicarbonate and brine, dried over sodium sulfate, filtered, and concentrated in vacuo. 
Chromatography on silica gel (50% methanol-chloroform) followed by another 
chromatography (ethyl acetate) gave [4-(1H-1-triphenylmethylimidazol-4- 
ylmethylaminomethyl)-2-phenylbenzoyl]methionine methyl ester (231 mg. 66%). 

Example 89C 

f4-(1H-imidazol-4-vlmethvlaminomethvn-2- phenvlben7ovnmethiQnine 
The desired compound was prepared by saponification of the methyl ester and 
deprotection of the imidazoleusing the prodecures of Examples 41 E and 41 D 
respectively. 1H NMR (300 MHz. D 2 0) 5 8.72 (s. 1H), 7.40-7.67 (m. 9H), 4.51 (s. 2H). 
4.43 (s. 2H). 4.38 (m. 1H). 2.03 (s. 3H), 1 .90-2.09 (m. 3H), .1 .79 (m. 1H). MS (CI NH 3 ) 
m/e 439 (M+H) + . 359, 227. Anal calcd for C23H26N4O3S + 2.4 trifluoroacetic acid: C, 
46.89. H. 4.02. N, 7.87. Found: C. 46.79; H, 4.16, N, 7.87. 




SCH 3 

Example 90 

f4-(pvrid-3-vlaminomethvn-2-Dhenvlbenzovnm8thion inQ methvl ester hydrochloride 

Example 9QA 

f4-(pvrid-3-vlaminomethvn-2-Dhenvlbfln7o yl]methionine methvl ester 
To a solution of (4-carboxyaldehyde-2-phenylbenzoyl)methionine methyl ester (2.5 
g, 6.7 mmol), prepared as in Example 39B, in methanol (15 ml_) was added 3- 
aminopyridine (941 mg, 10 mmol) and acetic acid (5 mL). The reaction mixture was 
stirred for 1 hour and sodium cyanoborohydride (0.85 g, 13.5 mmol) was added. The 
reaction mixture was stirred for 2 hours and additional sodium cyanoborohydride (0.42 g. 
6.7 mmol) was added. Stirring was continued for an additional 2 hours and then the 
reaction mixture was poured into aqueous 1N sodium hydroxide. The mixture was 
extracted with ethyl acetate (3x). The combined organic extracts were washed with 
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saturated aqueous sodium bicarbonate (2x), water (3x) and and brine, dried over sodium 

sulfate, filtered, and concentrated in vacuo. Successive chromatographiss on silica gel 

(ethyl acetate) gave [4-(pyrid-3-ylaminomethyl)-2-phenylbenzoyl]methionine methyl ester 
(2.2 g. 73%). 

Example 90B 

K-(PYrid-3-vlaminomethvl)-2-Dhenvlben2ovl1mftthin nine methvl ester hvdrnrh^ri^ 
To a solution in ethyl acetate (20 mL) of [4-(pyrid-3-ylaminomethyl)-2- 
phenylbenzoyl]methionine methyl ester (2.96 g, 6.58 mmol), prepared as in Example 
90A. was added HCI (1.0 M in ethyl acetate, 20 mL, 20 mmol) dropwise. The reaction 
mixture was stirred for 10 minutes and then was concentrated and the residue was 
azeotroped with toluene. Water (50 mL) was added and the milky mixture was 
concentrated and lyophilized to give [4-(pyrid-3-ylaminomethyl)-2- 
phenylbenzoyl]methionine methyl ester hydrochloride (3.04 g, 95%). 1 H NMR (300 
MHz.. DMSOd 6 ) 8 8.66 (d. 1H), 8.11 (s, 1H), 8.02 (t, 1H), 7.84 (bt. 1H), 7.71 (m. 2H), 
7.44 (m, 3H), 7.26 (m. 5H), 4,53 (bd, 2H), 4.36 (ddd, 1H), 3.64 (s. 3H), 2.23 (m, 2H), 
1 .98(s. 3H), 3.85 (m, 2H). MS (CI NH 3 ) m/e 450 (M+H)\ 374, 319. 287. Anal calcd for 
C25H28CIN3O3S + 0.58 H 2 0) :C. 60.48; H , 5.92; N, 8.46; CI, 7.29. Found: C. 60.49; H, 
5.58; N, 8.40; CI 7.84. 




SCH 3 

Example 91 

f4-(pvrid-3-vlaminomethvh-2.phBnyit ? enzovnmethioninP 
To a solution of [4-(pyrid-3-ylaminomethyl)-2-phenylbenzoyl]methionine methyl 
ester hydrochloride (72 mg, 0.16 mmol) in THF (3 mL) was added a solution of lithium 
hydroxide hydrate (13 mg, 0.32 mmol) in water (1 mL) and the reaction mixture was 
stirred for 30 minutes. The THF was evaporated in vacuo and the residue was taken up 
in aqueous 3N HCI. The solution was concentrated and the residue was purified by 
preparative HPLC (70% acetonitrile-0.1% aqueous trifluoroacetic acid) to give [4-(pyrid-3- 
ylaminomethyl)-2-phenylbenzoyl]methionine (39 mg, 50%). 1 H NMR (300 MHz.. DMSO- 
d 6 ) 5 8.48 (d, 1H), 8.17 (m, 1H). 7.97 (m, 1H), 7.56 (m, 2H). 7.29 - 7.44 (m. 7H). 4.51 
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(bd. 2H). 4.48 (ddd. 1H), 2.24 (m, 2H). 1.99 (s. 3H), 1.85 (m, 2H). MS (CI NH 3 ) m/e 436 
(M+H)+, 418, 319, 287. 194, 165. Anal calcd for C24H25N3O3S (+ 1.26 TFA): C, 55.00; 
H. 4.57; N, 7.25. Found: C. 54.97; H, 4.58; N, 7.33. 




C0 2 H 

Example 92 

2-f4-(PVrid-3»vloxvmethvh-2-Dhenvlben7QvlH.fit hvlthia2ole-S.carfaoxvlir ariri 

Example 92A 

4-methvl-2-Phenvlben2oic aniri methvl ester 
The desired compound was prepared according to the method of Example 36A, 
except substituting 4-methyl-2-hydroxybenzoic acid methyl ester for 2-iodoterephthalate. 

Example 92B 
4-bromomethvl-2-phenvlben7oic acid methvl ester 
A mixture of 4-methyl-2-phenylbenzoic acid methyl ester (2.26 g, 10 mmol), 
prepared as in Example 91 B, N-bromosuccinimide (1.87 g, 10.5 mmol) and 2.2'- 
azobisisobutyronitrile (25 mg) in carbon tetrachloride (40 mL) was stirred at reflux for 7 
hours. The reaction mixture was poured into ethyl acetate and extracted with water (2x), 
aqueous sodium hydrogen sulfite and brine, dried, filtered, and concentrated in vacuo. 
Chromatography on silica gel (10% ethyl acetate-hexane) gave 4-bromomethyl-2- 
phenylbenzoic acid methyl ester (2.57 g, 84%). 

Example 92C 

4-(3-DVridvloxvmethvlV2.phenvlben?Qie acid methvl ester 
To a mechanically-stirred 0 °C solution of 3-hydroxypyridine (4.4 g, 46 mmol) in 
DME (20 mL) was added potassium hexamethyldisilazide (0.5 M in toluene. 88.5 mL, 44 
mmol) and the mixture was stirred for 15 minutes. 18-Crown-6 (1 .46 g, 5.5 mmol) and a 
solution of 4-bromomethyl-2-phenylbenzoic acid methyl ester (6.8 g, 22 mmol) in toluene 
(25 mL) was added and the reaction mixture was vigorously stirred overnight. The 
reaction mixture was poured into 200 mL of water and the layers were separated. The 
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aqueous phase was extracted with 2 portions of ethyl acetate and the combined organ 
phases were extracted with water and brine, dried (MgS0 4 ). filtered and concentrated. 
The resulting oil was purified by flash chromatography (65% ethyl acetate-hexane) to 
give 4-(3-pyridyloxymethyl)-2-phenylbenzoic acid methyl ester (3.4 g). 



Example 92D 

4»(3»pyridvloxvmethvh-2-Dhenvlben7nir^ ff iri 
To a solution of 4-(3-pyridyloxymethyl)-2-phenylbenzoic acid methyl ester (3.4 g, 
10.6 mmol), prepared as in Example 92C. in methanol (30 mL) was added aqueous 4N 
sodium hydroxide and the reaction mixture was heated at reflux for 6 hours. The 
methanol was distilled of in vacuo and the residue was taken up in water. The aqueous 
solution was taken to pH 4 with HCI and the resulting precipitate was filtered off and dried 
to give 4-(3-pyridyloxymethyl)-2-phenylbenzoic acid (3.2 g). 



Example 92 E 

2-[4-(pYrid-3-vloxvmethvn.2-Dhenvlben7Qy n -4-ethvlthia?ole-5.carbo X vlir acid ethvl gster 

To a -12 °C solution in DMF (2 mL) of 2-amino-4-ethylthiazole-5-carboxylic acid 

methyl ester (80 mg, 0.40 mmol), prepared as described in J. Chem. Soc. Perkin 1, 

1982, 154. was added lithium hexamethyldisilazide (1.0 M in THF, 0.76 mL. 0.76 mmol) 

and the resulting yellow solution was stirred for 30 minutes. In a separate flask 4-(3- 

pyridyloxymethyl)-2-phenylbenzoic acid (101 mg, 0.33 mmol), prepared as in Example 

92D and carbonyldiimidazole (60 mg, 0.37 mmol) were dissolved in THF and stirred for 1 

hour. The resulting imidazolide solution was then added to the thiazole solution at -10 C C 

and the mixture was stirred for 30 minutes. The cold bath was then removed and stirring 

was continued for 30 minutes. The reaction mixture was quenched with saturated 

aqueous ammonium chloride and poured into water. The mixture was extracted twice 

with dichloromethane. The combine organic extracts were dried, filtered and 

concentrated. The solid residue was recrystallized from ethyl acetate-methanol to give 2- 

[4-(pyrid-3-yloxymethyl)-2-phenylbenzoyl]-4-ethylthiazole-5-carboxylic acid ethyl ester 
(75 mg). 



Example 92F 

2-f4.fpYrjd-3-Yloxvmftthvn'2-Dhenvlbenzovl1-4-ethvlthi a 7ole.5. ca rhn yv iir 
To a solution in 1:1 THF-water (3 mL) of 2-[4-(pyrid-3-yloxymethyl)-2- 
phenylbenzoyl]-4-ethylthiazole-5-carboxylic acid ethyl ester (72 mg, 0.15 mmol), 
prepared as in Example 92E. was added aqueous 4N NaOH (0.12 mL. 0.48 mmol) and 
the reaction mixture was heated at reflux for 5 hours. The reaction mixture was cooled to 
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ambient temperature and the THF was evaporated. The residue was diluted with water 
and taken to pH 3.5 with HCI. The mixture was extracted with 20% isopropanol- 
chloroform (3x). The combined organic extracts were dried, filtered and concentrated in 
vacuo to give 2-{4-(pyrid-3-yloxymethyl)-2-phenylbenzoyl]-4-ethylthia2ole-5-carboxylic 
(52 mg, 75%) as a white solid. 1 H NMR (300 MHz., DMSO-d6) 8 12.87 (bs, 1H), 
12.81(bs, 1H), 8.40(d, 1H), 8.18 (d, 1H), 7.66 (d, 1H), 7.57 (m, 2H), 7.49 (ddd. 1H), 7.29 - 
7.43 (m, 5H), 5.32 (s, 2H), 2.95 (q, 2H), 1.14 (t, 3H). MS (CI NH 3 ) m/e 460 (M+H)+, 306. 
Anal calcd for C25H21N3O4S: C, 65.35; H ,4.61; N. 9.14. Found: C, 65.23; H. 4.52; N 
8.82. 



SCH 3 

Example 93 

r4-(3-DVridvloxvmethylW2 -ohenvlbenzoyl)methionine isopropyl ester 

Example 93A 
/V-tert-butoxvcaroonvmethionine isopropyl ester 
To a solution of /V-ferf-outoxycaroonylmethionine (2.49 g, 10 mmol) in DMF (50 
mL) was added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.74 mg, 1 1 mmol), 4- 
dimethylaminopyridine (244 mg, 2.0 mmol),ethyl dimethylaminopropyl carbodiimide 
hydrochloride (2.1 1 g, 1 1 mmol) and isopropanol (2.3 mL, 30 mmol) and the reaction 
mixture was stirred for 27 hours. The reaction mixture was poured into water and 
extracted three times with ethyl acetate. The combined organic extracts were washed 
with aqueous sodium hydroxide (2x), aqueous HCI (2x), water (2x) and brine, dried, 
filtered, and concentrated in vacuo. Chromatography on silica gel (20% ethyl acetate- 
hexanes) gave /V-fe/T-butoxycarbonymethionine isopropyl ester (1.26 g, 43%). 

Example 93B 
methionine isopropyl ester hydrochloride 
To a solution of /V-fert-butoxycarbonymethionine isopropyl ester (291 mg, 1.0 
mmol), prepared as in Example 93A, in dioxane (1 mL) was added 4N HCI-dioxane (4 
mL) and the mixture was stirred for 3 hours. The reaction mixture was concentrated in 
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vacuo to give methionine isopropyl ester hydrochloride (240 mg) which was used without 
further purification. 

Example 93C 

f4-(3-PVridvlOXvmethvl>-2-PhenvlbenzoYl )methionine isopropyl ester 
The desired compound was prepared by coupling of 4-(3-pyridyloxymethyl)-2- 
phenylbenzoic acid, prepared as in Example 92D with methionine isopropyl ester 
hydrochloride, prepared as in Example 93B using the procedure of Example 53C. 1 H 
NMR (300 MHz. CD 3 OD) 8 8.70 (d, 1 H), 8.46 (d, 1 H), 8.31 (ddd, 1 H), 8.01 (dd, 1 H). 7.58 
(m, 3H), 7.33 - 7.47 (m, 5H), 5.45 (s, 2H). 5.00 (heptet. 1H), 4.44 (m, 1H), 2.00 - 2.24 (m. 
2H),2.01 (s.3H), 1.96 (m, 1H), 1.77 (m, 1H), 1.24 (d,3H), 1.22 (d,3H). MS (CI NH 3 ) 
m/e 479 (M+H)*, 451 , 419, 320, 288, 192. Anal calcd for C 2 7H 31 CIN 2 04S (+0.60 H20): 
C, 61.67; H. 6.17; N, 5.33. Found: C, 61.67; H, 6.17; N, 5.33. 




0 v i 

SCH 3 

Example 94 

f4-(3»pvrdvlaminomethvn-2-Phenvlben7nyl]m ftthionine isopropyl aster 

Example 94A 

(4-hvdrQXvmethvl-2-Dhenvlben2QvnmAthin nine isopropyl ester 
The desired compound was prepared according to the method of Example 93C. 
except substituting 4-hydroxymethylbenzoic acid, prepared as in Example 37D. for 4-(3- 
pyridyloxymethyl)-2-phenylbenzoic acid. 

Example 94R 

(4-carboxaldehvde-2-Dhenvlbenzoyt) methionine isooroovl ester 
The desired compound was prepared by oxidation of the product of Example 94A 
using the procedure of Example 39B. 
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Example 94C 

f4-(3-Dvridvlaminomethvn.2.phenvlben2Qvl1m athionine isonronyl 
The desired compound was prepared by reductive amination of the product of 
Example 94B with 3-aminopyridine according to the method of Example 90A. 1 H NMR 
(300MHz. CD 3 OD) 8 7.97 (m, 1H), 7.86 (dd, 1H), 7.43 • 7.52 (m, 5H), 7.31 - 7.42 (m, 
5H), 4.98 (heptet, 1H), 4.52 (s, 2H), 4.43 (m, 1H), 2.12 (m. 1H), 2.03 (m, 1H), 1.99 (s. 
3H), 1.01 (m,1H), 1.75 (m, 1H), 1.15 (d,3H), 1.13 (d,3H). MS (CI NH 3 ) m/e 478 
(M+H)+ 319, 287. Anal calcd for C 2 7H32CIN30 3 S(+ 0.58 H 2 0): C, 61.83: H, 6.37; N, 
8.01. Found: C. 61.82: H, 6.04; N, 7.74. 




Example 95 

f4-(3-PVridvlsulfonvlmethvh-2-Phenvlben2 ovnmethionin6 methvl ester 

Example 95A 
3-dimethvlthiocarba moylpyridine 
To a solution in DMF (50 mL) of 3-hydroxypyridine (4.76 g, 50 mmol) was added 
1 ,l-diazabicyclo[2.2.2]octane (6.80 g, 150 mmol) and dimethylthiocarbamoyl chloride 
(18.5 g, 150 mmol) and the reaction mixture was stirred for 0.5 hours at ambient 
temperature and 18 hours at 55 °C. The reaction mixture was cooled to ambient 
tempertaure and poured into ether. The ethereal solution was washed with aqueous 2N 
sodium hydroxide (2x), water (2x) and brine, dried, filtered and concentrated in vacuo. 
Chromatography on silica gel (1:1 ethyl acetate-hexane) gave 3- 
dimethylthiocarbamoylpyridine (5.46 g). 

Example 95B 
3-dimethvlaminocarbonylthioDvridine 
The desired compound was prepared by heating the 3- 
dimethylthiocarbamoylpyridine prepared in Example 232A at 250 °C for 1 .25 hours 
followed by cooling and chromatography on silica gel (55%, then 75% ethyl acetate- 
hexane). 
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Example 95C 
3-thiopyridine sodium *att 
To a solution of 3-dimethylaminocarbonylthiopyridjne (1.23 g. 6.7 mmol), prepared 
as in Example 95B, in methanol (10 mL) was added aqueous 2N sodium hydroxide and 
the reaction mixture was stirred at reflux for 2 hours. The reaction mixture was cooled to 
ambient temperature and evaporated to dryness to give 3-thiopyridine sodium salt as a 
brown solid which was used without further purification. 

Example Qffi 

4-(3-pvridvfthiomethvn-2-phenylb enzoic acid methvl ester 
To a -10 °C suspension in DME (10 mL) of the 3-thiopyridine sodium salt prepared 
in Example 95C (450 mg, 3.25 mmol) was added catalytic 18-crown-6 and a solution of 
3-bromomethyl-2-phenylbenzoic acid (916 mg, 8.3 mmol), prepared as in Example 92B. 
in DME (5 mL) over 5 minutes. The cold bath was allowed to warm to ambient 
temperature and the reaction mixture was stirred for 24 hours. The reaction mixture was 
poured into water and extracted with ethyl acetate (3x). The combined organic extracts 
were washed with brine, dried, filtered and concentrated. Chromatography on silica gel 
(40% ethyl acetate-hexane) gave 4-(3-pyridylthiomethyl)-2-phenylbenzoic acid methyl 
ester (61 1 mg, 60%). 

Example 95g 

4-f3-PVri(JvlSUifonvlmethvn-?-Phenvlhen 7 ni c acid methvl ester 
To a 0 °C solution of trifluoroacetic anhydride (2.5 mL, 17.9 mmol) in 
dichloromethane (10 mL) was added aqueous 30% hydrogen peroxide (0.56 mL. 5.4 
mmol) and a solution of 4-<3-pyridylthiomethyl)-2-phenylbenzoic acid methyl ester (600 
mg, 17.4 mmol), prepared as in Example 95D, in dichloromethane (5 mL). The reaction 
mixture was stirred for 1 hour, then the cold bath was removed and stirring was 
continued for 0.5 hour. The reaction mixture was partitioned between ether and aqueous 
2N sodium hydroxide and the aqueous phase was extracted with ether. The combined 
ethereal layers were washed with aqueous 2N sodium bisulfite, water and brine, dried, 
filtered and concentrated in vacuo to give 4-(3-pyridylsulfonylmethyl)-2-phenylbenzoic 
acid methyl ester (620 mg) which was used without further purification. 
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Example 9SF 

f4-Q-PVriC»V»SUlfonvlmethvn-2>Dhenvlban7nyt)m e thiQninft m^ hyl 

The desired compound was prepared from 4-(3-pyridylsulfonylmethyl)-2- 
phenylbenzoic acid methyl ester by saponification of the methyl ester using the 
procedure of Example 92D, and coupling with methionine methyl ester according to the 
procedure of Example 53C. mp 152-154 °C. 1H NMR (300 MHz. CDCI 3 ) 6 8.95 (d, 1H) 
8.87 (dd, 1H), 7.94 (ddd, 1H), 7.66 (d, 1H), 7.43 (m. 4H), 7.30 (m, 2H). 7.21 (dd. 1H). 
7.10 (d, 1H), 5.91 (bd. 1H), 4.66 (ddd, 1H), 4.42 (s. 2H), 3.68 (s, 3H), 2.08 (t. 2H). 2.02 
(s, 3H), 1.93 (m, 1H), 1.75 (m, 1H). MS (CI NH 3 ) m/e 5^3 (M+NH 4 )+. 499 (M+H)+. Anal 
calc' for C 2 sH2 6 N205S 2 : C ,60.22; H ,5.25; N ,5.62. Found: C, 60.28; H, 4.94; N, 5.56 



SCH 3 

Example 96 

f4-(3'PVndvlsulfonvlmethvn-2-Dh6nvlhA nzovnmethinnin^ 
The desired compound was prepared by saponification of [4-(3- 
pyridylsulfonylmethyl)-2-phenylbenzoyl]methionine methyl ester, prepared as in Example 
95. according to the method of Example 38. 1H NMR (300 MHz.. DMSO d 6 ) 8 12.68 (bs, 
1H), 8.92 (m, 2H), 8.59 (bd, 1H), 8.18 (ddd, 1H), 7.68 (m, 1H), 7.32 (m, 7H), 7.18 (d, 1H), 
4.94 (s, 1H), 4.29 (ddd. 1H), 2.22 (m, 2H), 1.99 (s, 3H), 1.85 (m, 2H). MS (CI NH 3 ) m/e 
502 (M+NH 4 )+ (485 M+H)+. Anal calcd for C24H24N2O5S2 (+ 0.45 H20): C. 58.51 ; H , 
5.09; N, 5.69. Found: C, 58.51; H, 4.82; N, 5.69. 
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H 

N ^COaCHa 

S 

SCH 3 

Example 97 

f4-(3-pyri(JvlQxvmethvn-2-phRnvlben?o y l1mflt h ionine methyl P^ or 

Example 97A 
4-methvl-2-Phenylhe nrft ^ ^jrf 
To a solution of 4-methyl-2-phenylbenzoic acid methyl ester (1.83 g, 8.09 mmol), 
prepared as in Example 91 A. in methanol (16 mL) was added aqueous 4N sodium 
hydroxide (5 mL) and the reaction mixture was stirred for 60 hours, after which additional 
aqueous 4N sodium hydroxide (5 mL) was added and the mixture was heated at reflux 
for 5 hours. The reaction mixture was cooled to ambient temperature and the methanol 
was evaporated in vacuo. The aqueous residue was acidified with 4N sulfuric acid and 
extracted with ethyl acetate (3x). The combined organic extracts were dried, filtered, and 
concentrated in vacuo to give 4-methyl-2-phenyfbenzoic acid (1.67 g) as a white solid. 

Example 97R 
4-bromomethyl-?-ph. gnvlben?oicaniri 

A mixture of 4-methyl-2-phenylbenzoic acid (1 .66 g, 7.82 mmol). prepared as in 
Example 91 B, N-bromosuccinimide (1.40 g, 8.21 mmol) and 2.2'-azobisisobutyronitrile 
(25 mg) in carbon tetrachloride (30 mL) was stirred at reflux for 1 hour. The reaction 
mixture was poured into ethyl acetate and extracted with water (3x) and brine, dried, 
filtered, and concentrated in vacuo to give 4-bromomethyl-2-phenylbenzoic acid (2.26 g). 

Example 97^ 

(4-brQmQmethvl-2-nhenvlben7nY|)m fithionine methvl ester 
To a solution in dichloromethane (25 mL) of 4-bromomethyl-2-phenylbenzoic acid 
(2.16 g. 7.42 mmol). prepared as in Example 97B, was added oxalyl chloride (0.84 mL. 
965 mmol) and 2 drops on DMF and the reaction mixture was stirred for 2 hours. The 
reaction mixture was concentrated in vacuo and azeotroped with toluene. The residue 
was dissolved in dichloromethane (1 5 mL) and then was added to a solution in 
dilchloromethane (15 mL) of methionine methyl ester hydrochloride (1 .78 g. 8.90 mmol) 
and diisopropylethylamine (3.10 g. 17.81 mmol) (prepared at -10 °C) dropwise. The 
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reaction mixture was stirred for 30 minutes and then was poured into ether and extracted 
with water, aqueous 3N HCI (2x) and brine, dried, filtered and concentrated in vacuo. 
Chromatography on silica gel (5% ethyl acetate-chloroform) to give (4-bromomethyl-2- 
phenylbenzoyl)methionine methyl ester (2.42 g, 75%). 

Example 97D 

f4-f3-pvridvloxvmethvn-2»Dhenvlben7ovl1mflt hionine methvl aster 
To a 0 °C suspension in DMF (2 mL) of sodium hydride (90% in mineral oil. 38 
mg, 0.95 mmol) was added a solution of 3-hydroxypyridine (95 mg, 1 .0 mmol) in DMF (2 
mL) dropwise and the mixture was stirred for 0.5 hours. A solution of (4-bromomethyl-2- 
phenylbenzoyl)methionine methyl ester (218 mg, 0.5 mmol) in DMF (1 mL) was added 
and the reaction mixture was stirred for 18 hours. The reaction mixture was poured into 
aqueous 2N sodium hydroxide and the mixture was extracted with ethyl acetate (3x). 
The combined organic extracts were dried, filtered and concentrated in vacuo. 
Chromatography on silica gel (60% ethyl acetate-hexanes, then ethyl acetate) gave [4- 
(3-pyridyloxymethyl)-2-phenylbenzoyl]methionine methyl ester (58 mg). m NMR 
(300MHz. DMSO-d 6 ) 8 12.66 (bs, 1H), 8.58 (d, 1H). 8.38 (d. 1H). 8.17 (dd. 1H), 7.30 - 
7.56 (m, 10H), 5.29 (s.2H). 4.29 (ddd. 1H), 2.23 (m, 2H), 1.98(s,3H), 1.84 (m,2H). MS 
(CI NH 3 ) m/e 454 (M + NH 4 )*, 437 (M+H) + . Anal calcd for C24H24N2O4S (+ 0.41 H20): 
C . 64.94: H. 5.64; N. 6.31. Found: C. 64.94; H. 5.35; N.S 6.14. 




Example 96 

f4-(3-Pvridvloxvmethvh-2-PhenylbenzovnmethiQninp 
The desired compound was prepared by saponification of (4-(3-pyridyloxymethyl)- 
2-phenylbenzoyl]methionine methyl ester, prepared as in Example 97. according to the 
procedure of Example 38. NMR (300 MHz.. CDCI3) 58.41 (dd, 1H). 8.26 (dd. 1H). 
7.74 (d. 1H), 7.47 (dd, 1H), 7.43 (m, 6H). 7.14 (m, 2H), 5.92 (bd, 1H). 5.18 (s, 2H), 4.67 
(ddd. 1H). 3.67 (s. 3H), 2.08 (t, 2H), 2.01 (s. 3H). 1.92 (m, 1H), 1.73 (m, 1H). MS (CI 
NH 3 ) m/e 451 (M+H) + , 320. 288. Anal calcd for C25H26N2O4S: C. 66.65: H. 5.82; N. 
6.22. Found: C. 66.53: H. 5.71 ; N. 6.1 6. 
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Example 99 

f4-f3-pYri^lthipmethvl)-2-nhftnvlben?ovl)m R thionine m^hyi ^ nr 

The desired compound was prepared by reaction of (4-bromomethyl-2- 

phenylbenzoyl)methionine methyl ester, prepared as in Example 97C. with 3-thiopyridine 

sodium salt, prepared as in Example 95C, according to the method of Example 97D 'H 

NMR (300MHz. CDCI 3 ) 5 8.56 (m. IK), 8.45. (dd. 1H;). 7.66 (d. 1H). 7.38 (ddd. 1H). 7.30 

- 7.47 (m. 6H), 7.21 (m. 2H). 5.87 (bd. 1H). 4.65 (ddd. 1H). 4.14 (s. 2H). 3.67 (s. 3H). 

2.06 (m. 2H), 2.01 (s. 3H). 1.92 (m, 1H), 1.74 (m. 1H). MS (CI NH 3 ) m/e 467 (M+H)*, 

304. Anal calcd for C 2 5H26N203S 2 :C. 64.35; H. 5.62; N. 6.00. Found: C 64 2V H 
5.61 ; N. 6.00. 



Example 100 
L4-(3-PYridVlthiomethvn-2-phenylben 7 o V nmethionine 
The desired compound was prepared by saponification of f4-(3-pyridylthiomethyl)- 
2-phenylbenzoyl]methionine methyl ester, prepared as in Example 99 using the 
procedure of Example 38. 1 H nmr (300MHz.. DMSO-d 6 ): 8 8.54. m. 1 H; 8.39. dd. 1 H; 
7.83. m. 2H; 7.29 - 7.47. m. 8H; 4.39. s. 2H; 4.24. m, 1H; 2.25. m, 2H; 1.98. s. 3H- 1 85 
m.2H. MS(CINH 3 ): 453 (MH+); 304. 194. EA: calc'd for C 2 4H 2 4N 2 0 3 S 2 : C 63.69; H 
5.34; N 6.19; found C 63.35; H 5.20; N 6.02. 
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Example 101 

^[4-(3-pvridvlaminomethvn-2-Dhenvlben2Qvn-2-aminn .4.(methvlsulfonvl^butannir 

Example 101 A 
2-amino-4-(methvlsulfonvhbutanni c acid methyl aster 
To a 0 °C suspension of 2-amino-4-(methylsulfonyl)lbutanoic acid (5.05 g, 27.9 
mmol) in methanol (50 mL) was added thionyl chloride (3.0 mL, 41.8 mmol). The cold 
bath was allowed to warm to ambient temperature and the reaction mixture was stirred 
for 48 hours. The reaction mixture was dilted with water and taken to pH 6 with solid 
potassium carbonate. The aqueous mixture was extracted with dichloromethane (3x). 
The combined organic extracts were dried, filtered and concentrated in vacuo to give the 
methyl ester (1.14 g). 

Example 101B 

(4-carboxald9hvde-2-Phenvlbenzovn-2-amino^-fm e thvlsulfonvhhutanoic acid mathyi 

ester 

The desired compound was prepared by coupling of 2-amino-4- 
(methylsulfonyl)butanoic acid, prepared as in Example 101 A. and 4-carboxaldehyde-2- 
phenylbenzoic acid, prepared as in Example 37E. according to the method of Example 
53C, except that no triethylamine was required. 

Example 101C 

/yj4-(3-pYridVlaminornethvl)-2-Phenvlbenzovn-2-ami no-4-fmethylsulfonyhbutanoic ariri 

methvl ester 

The desired compound was prepared by reductive amination of the product of 
Example 101 B with 3-aminopyridine according to the method of Example 37G. 1 H NMR 
(300MHz., CDCI3) 88.09. (m, 1H;, 8.00 (bd, 1H;, 7.68 (d, 1H). 7.34 - 7.44 (m, 7H), 7.07 
(dd. 1H), 6.88 (ddt, 1H). 5.99 (bd, 1H), 4.68 (ddd, 1H). 4.45 (bd, 2H). 4.24 (bs. 1H), 3.68 
(s. 3H), 2.83 (s, 3H), 2.57 - 2.85 (m. 2H ), 2.27 (m, 1H), 1.98 (m. 1H). MS (CI NH 3 ) m/e 
482 (M+H)+. Anal calcd for C25H27N3O5S: C, 62.36; H, 5.65; N, 8.73. Found: C. 61 .88; 
H. 5.69; N ,8.60. 
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S0 2 CH 3 

Example 1Q3 

/V-[4-(3-pvridV)aminomethvn-2-Dhenvlben7^^^ ariH 
The desired compound was prepared by saponification of the product of Example 
101C according to the procedure of Example 38. 1 H NMR (300 MHz.. D 2 0) 5 7.95 (m. 
1H), 7.92 (m. 1H) 7.40 - 7.64 (m. 10H). 4.58 (s. 2H), 4.22. (ddd. 1H). 3.01 (s. 3H). 2.71 
(m. 1H). 2.48 (m. 1H). 2.17 (m. 1H), 1.93 (m. 1H). MS FAB(*) m/e468 (M+H)+ FAB(-) 
466 (M-H)\ 



SCH 3 

Example ma 

f4.f3-DvridvlmethvloxvW2.p henvlben2oyl)mPthin n in ff 

Example mflft 
2.4-dihvdroxvben7oic acid methyl ft ?ter 



To a solution in methanol (50 mL) of 2,4-dihydroxybenzoic acid (1 .54 g. 1 0 mmol) 
was added sulfuric acid (0.5 mL) and trimethyl orthoformate (1 .6 mL. 15 mmol) and the 
reaction mixture was stirred at reflux for 36 hours. The reaction mixture was cooled to 
ambient temperature and diluted with water. The methanol was evaporated in vacuo. 
The residue was diluted with water and extracted with ether (3x). The combined ether 
extracts were washed with saturated aqueous sodium bicarbonate (2x) and brine, dried, 
filtered and concentrated in vacuo to give 2.4-dihydroxybenzoic acid methyl ester (1 .34 
g) as a white solid. 
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Example 103R 

4-f3-Dvridvlmethvoxv)-2-hvdroxvbfln7 nic acid methvl aster 
A mixture in acetone (40 mL) and water (10 mL) of 2,4-dihydroxybenzoic acid 
methyl ester (1.19 g. 7.08 mmol), prepared as in Example 103A, 3-chloromethylpyridine 
hydrochloride (2.32 g, 14.2 mmol) and potassium carbonate (2.44 g, 21.2 mmol) was 
stirred at reflux for 24 hours, then acetone (10 mL) and piperidine (1 g) were added and 
reflux was continued for 12 hours. The reaction mixture was cooled to ambient 
temperature, poured into water, and extracted with ethyl acetate (3x). The combined 
organic extracts were washed with aqueous sodium hydroxide and water, dried, filtered 
and concentrated in vacuo. The residue was recrystallized from aqueous ethanol to give 
4-(3-pyridylmethyloxy)-2-hydroxybenzoic acid methyl ester (0.57 g, 31%). 

Example map 

4-(3-pvridvlmethvloxv)-2-trifluoromethanesijlfn nvloxvbenzoic acid methyl ester 
To a -10 °C solution in pyridine (3 mL) of 4-(3-pyridylmethyloxy)-2-hydroxybenzoic 
acid methyl ester (0.56 g, 2.16 mmol), prepared as in Example 103B, was added triflic 
anhydride (0.73 mL, 4.32 mmol). The cold bath was allowed to warm to ambient 
temperature and the reaction mixture was stirred for 96 hours. The reaction mixture was 
poured into water, made basic with aqueous 2N sodium hydroxide and extracted with 
ethyl acetate. The combined organic extracts were washed with water (2x) and brine, 
dried, filtered and concentrated. Purification by chromatography on silica gel (60% ethyl 
acetate-hexanes) gave 4-(3-pyridylmethyloxy)-2-trifluoromethanesulfonyloxybenzoic acid 
methyl ester (519 mg, 61%). 

Example man 
4-(3-PVridvlmethvloxv)-2»phenvlben7ni c acid methvl ester 
The desired compound was prepared according to the method of Example 37A, 
except substituting 4-(3-pyridylmethyloxy)-2-trifluoromethanesulfonyloxybenzoic acid 
methyl ester, prepared as in Example 103C for 2-iodoterephthalate. 

Example 103E 
4W3-ovridvlmethvlnYvV2-phenvlben7oic agd 
The desired compound was prepared by saponification of the product of Example 
103D using the procedure of Example 97A. 
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Example 1Q3F 

f4'(3-PVridvlmethvlOXV)-2-Dhenv»ben2Qvl1mfl thionine methyl P ff tPf 
The desired compound was prepared by according to the procedure used in step 
C of the preparation of compound 8, except substituting 4-(3-pyridylmethyloxy)-2- 
phenylbenzoic acid, prepared as in Example 103E, for 4-nitro-2-phenylbenzoic acid. 



f4'f3-PVridvlmethvloxv)-2-Dhenvlben?ovl|mft thionine methyl f ft f f r 
The desired compound was prepared by saponification of the compound of 
Example 103F using the procedure of Example 38. 1 H NMR (300 MHz, DMSO-d 6 ) 5 
8.69 (bs, 1H), 8.55 (bd. 1H). 8.39 (d, 1H), 7.88 (dt, 1H), 7.40 (m. 6H), 7.07 (dd, 1H). 7.03 
(d. 1H), 5.17 (s, 2H). 4.28 (ddd, 1H). 2.25 (m, 2H), 2.00 (s, 3H), 1.84 (m. 2H). MS (CI, 
NH 3 ) m/e 454 (M+NH 4 )+. 437 (M+H)+,419. 320. 288. Anal calcd for C24H24N2O4S (+' 
0.23 H 2 0): C, 65.42; H. 5.59; N, 5.99. Found: C, 65.41; H; 5.42; N, 5.99. 



SCH 3 

Example 104 
f4-(3-Dvridvnthio-2-phen vlbenzovnmethinnin f 

Example 104A 
3-PVridvlthio-2-Dhenvlben7oic acid tort-butyl ft ^ ftr 



To a mixture in DMF (2 mL) of 4-nitro-2-phenylbenzoic acid tert-butyl ester (403 
mg, 1 .35 mmol), prepared by esterification of 4-nitro-2-phenylbenzoic acid (compound 8. 
step B), and 3-thiopyridine sodium salt (224 mg, 1.68 mmol), prepared as in 232C. was 
stirred at 100 °C for 60 hours. The reaction mixture was cooled to ambient temperature 
and diluted with saturated aqueous sodium bicarbonate. The mixture was extracted with 
ether (3x). The combined ether extracts were dried over magnesium sulfate, filtered, and 
concentrated in vacuo to give a brown oil. Chromatography on silica gel (10% ethyl 
acetate-hexanes) gave 3-pyridylthio-2-phenylbenzoic acid tert-butyl ester as a colorless 
oil (248 mg, 51%). 



Example I03fi 
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Example 1Q4B 
3-Pvridvlthio-2~Dhenvlb6n?oir ariri 
To a 0 °C solution in dichloromethane (1 mL) of 3-pyridylthio-2-phenylbenzoic acid 
/erf-butyl ester (245 mg, 0.67 mmol), prepared as in Example 241 A, and triethylsilane 
(390 mg, 3.4 mmol) was added trifluoroacetic acid (1 .53 g, 13.4 mmol) and the reaction 
mixture was warmed to ambient temperature and stirred for 18 hours. The reaction 
mixture was concentrated and azeotroped with toluene (3x) to give 3-pyridylthio-2- 
phenylbenzoic acid (209 mg) as a translucent film which was used without further 
purification. 

Example 1Q4C 

f4-f3-PvridvlUhio-2-Dhenvlben7Q yllmethionine 
The desired compound was prepared according to the method of Examples 103F 
and G. except substituting 3-pyridylthio-2-phenylbenzoic acid for 4-(3-pyridyloxymethyl)- 
2-phenylbenzoic acid. 1H NMR (300 MHz, DMSO-d6) d 1.60 (m,. 1H), 1.85 (m, 1H). 2.00 
(s, 3H), 2.10 (m, 2H). 4.50 (m, 1H). 5.85 (m. 1H), 7.25-7.40 (m. 8H), 7.60-7.80 (m, 2H). 
8.45 (dd, 1H), 8.65 (dd. 1H). MS (CI, NH 3 ) m/e 407 (M+H)+. 




0 S 

SCH 3 

Example 105 

[4-(1H-imidazol-4-vlmethvlthiomethvh.2.ph envlbenzovl1methionine 

Example 105A 
1 H-1 •triphenvlmethvlimidazol-4-vlmet hvlthiolacetic acid 
The desired compound was prepared according to the method of Example 89A. 
except substituting thiolacetic acid for HN 3 . 

Example 105B 
1H-1-triDhenvlmethvlimidazoM-ylmethvlthiol sodium salt 
A mixture of 1H-1-triphenylmethylimidazol-4-ylmethylthiolacetic acid (1.80 g, 4.5 
mmol), prepared as in Example 105A, and sodium hydroxide (204 mg. 5.0 mmol) in 3:1 
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methanol-water was stirred for 18 hours at ambient temperature. The resulting tan solid 
was filtered and dried to give 1H-1-triphenylmethylimida20l-3-ylmethylthiol sodium salt 
which was used without further purification. 

Example lOfiP. 

4-(1H-1-trlphenvlmethvlimadazoM-vlmethvh.g.nhftn V i benzoic acid mathy) 0ff |a , 
A solution in DME of 1H-1-triphenylmethylimidazol-4-ylmethylthiol sodium salt 
(946 mg, 2.5 mmol), prepared as in Example 105B, and 4-bromomethyl-2-phenylbenzoic 
acid methyl ester (305 mg, 1 .0 mmol) was stirred at 50 °C for 18 hours. The reaction 
mixture was concentrated and the residue purified by chromatography on silica gel (1:1 
ethyl acetate-hexanes) to give 4-(1H-1-triphenylmethylimadazol-4.ylmethyl)-2-phenyl 
benzoic acid methyl ester. 

Example 105D 

4-( 1 H-1 -triphenvlmethvlimadazoU.vimet hvh-2-phenvl benzoic ariri 
A mixture of 4-(1H-1-triphenylmethylimadazol-3-ylmethyl)-2-phenyl benzoic acid 
methyl ester (200 mg, 0.34 mmol) and sodium hydroxide (69 mg, 1 .7 mmol) in 3:1 
methanol-water (0.18 mL) was stirred at reflux for 8 hours. The reaction mixture was 
concentrated and the residue taken up in water. The aqueous solution was taken to pH 
5 and extracted. The organic extracts were dried over magnesium sulfate, filtered and 
concentrated in vacuo to give 4-(1H-1-triphenylmethylimadazol-4-ylmethyl)-2-phenyl 
benzoic acid (160 mg) as a solid. 

Example 10SF 

f4-(1H-VtriPh9nvlmethvlimidazol-4.vlmethvlthiQmethYh. 2 -Dhenvlben7nvllmethionine 

methyl ester 

The desired compound was prepared by according to the procedure used in step 
C of the preparation of compound 8, except substituting 4-(1H-1- 
triphenylmethylimadazol-3-ylmethyl)-2-phenyl benzoic acid, prepared as in Example 
105C, for 4-nitro-2-phenylbenzoic acid. 

Example lOfig 

f4-nH-i.triph9nylmgthviimid^^ 

The desired compound was prepared by saponification of [4-(1H-imidazol-4- 

ylmethylthiomethyl)-2-phenylbenzoyl]methionine methyl ester, prepared as in 
Example 105E. 
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Example 242F 

f4.(1H-imidazol-4-vlmethvlthiomethvn-2.nh envlbenzQvl1mflthioninp 
The desired compound was prepared by deprotection of the compound of 
Example 105E using the procedure of Example 41 D. 1 H NMR (300 MHz. DMSO-d6) 5 
1.85 (m, 1H). 2.00 (s, 3H), 2.20-2.40 (m. 2H), 3.80 (s, 2H), 3.85 (s. 2H). 4.30 (m, 1H). 
7.40 (m, 8H), 7.50 (s, 2H), 8.50 (d, 1H), 8.90 (s, 1H), 13.0 (br s, 1H). MS (CI. NH 3 ) m/e 
456 (M+H) + . 




SCH 3 

Example 106 
r4-(3-Pvridvloxvmethvn-2-phenvlben2ovl1cvsteine 

Example 106A 
Cysteine methvl ester hydrochloride 
To a 0 °C slurry in methanol of L-cysteine (1.23 g, 9.1 mmol) was added thionyl 
chloride (0.75 mL, 10.3 mmol). The cold bath was removed and the reaction mixture was 
stirred for 1 5 minutes and then overnight at 45 °C. The reaction mixture was cooled to 
ambient temperature and concentrated to a white solid. The white solid was azeotroped 
with methanol to give cysteine methyl ester hydrochloride. 

Example 106B 

f4-(3-Pvridvloxvmethvn-2-phenvlben2o yncvsteine methvl ester 
The desired compound was prepared by coupling of cysteine methyl ester 
hydrochloride and 4-(3-pyridylmethyloxy)-2-phenylbenzoic acid, prepared as in Example 
1 01 D using the procedure of Example 52A. 

Example 106C 
f4>(3-Dvridvloxvmethvl>.2-phenvlbenzovl1cvsteine 
The desired compound was prepared by saponification of the product of Example 
106B. 1H NMR (300 MHz, DMSO-d6) d 8.77 (d, 1H), .58 (d, 1H), 8.35 (d. 1H), 7.85 (dd. 
1H), 7.63 (dd. 1H), 7.52 (m. 5H), 7.36 (m, 3H), 5.38 (s, 2H), 4.44 (m, 1H), 3.90 (dd. 1H). 
3.72 (dd. 1 H), 2.05 (s. 3H). MS (DCI-NH3) m/e 423 (M+H)+ 440 (M+NH 4 )+. 
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Example 107 

N-r4W3-PvridvlQxymftt hvn-2-phenvlhgnzc>/nnorieucine 
The desired compound was prepared according to the method of Example 106, 
except substituting norleucine methyl ester hydrochloride for cysteine methyl ester 
hydrochloride. NMR (300 MHz. DMSO-d6) 5 8.60 (d, 1H), 8.53 (d, 1H), 8.37 (d, 1H), 
7.90 (dd. 1H), 7.70 (dd. 1H). 7.52 (d, 1H), 7.51 (s, 1H), 7.42 (m, 3H), 7.38 (m, 3H), 5.38 
(s. 2H), 4.16 (m. 1H), 1.60 (m, 2H), 1.20 (m, 2H), 1.10 (m, 2H), 0.82 (t, 3H). MS (DCI- 
NH 3 ) m/e 419 (M+H)+, 436 (M+NH 4 )+. 




0 S 

Example 108 

N»f4-r3-Dvridvloxvmethvn-2.phen V |benzQvl).2.amino-3-methoxvbutvric ariri 
The desired compound was prepared according to the method of Example 106, 
except substituting L-2-amino-3-methoxybutyric acid methyl ester hydrochloride for 
cysteine methyl ester hydrochloride. NMR (300 MHz, DMSO-d6) 8 8.57 (d, 1H), 8.42 
(d. 1H), 8.22 (d, 1H), 7.60 (dd, 1H). 7.50 (m, 2H), 7.40 (m, 7H), 5.33 (s, 2H). 4.24 (m, 
1H). 3.17 (s.3H). 3.15 (m,2H). 1.93 (m, 1H), 1.77 (m, 1H). MS (APCI) m/e 421 (M+H)+. 
419 (M-H)\ Anal calcd for C24H24N2O5 0.5 H 2 0: C, 67.12; H, 5.87; N, 6.52. Found: C. 
67.38; H. 5.57; N, 6.72. 
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SCH 3 

Example 109 

N-f3-(m9thy|thiQH •( 1 H-tetra7,Ql-5-vl)DroDvl1-4-f3-Dvridvl Q w m ethvh.2. P h ft n V ihon ?a m,H Q 

Example 1Q9A 

5-f-1 -(N'teff-butOXVCarfaQnynamino-a-thipmethvlpron v n-l H-1 WP.rvqnoethvlUetra7niP 
To a solution in THF (40 mL) of 1-(N-tertbutoxycarbonyl)amino-4-thiomethylbutyric 
acid N-(2-cyanoethyl)amide (1.2 g, 4.0 mmol) was added triphenyphosphine (2.1 g, 8.0 „ 
mmol), diethylazodicarboxylate (1.35 mL. 8.5 mmol) and trimethylsilylazide (1.05 mL. 7.9 
mmol) and the reaction mixture was stirred overnight at ambient temperature. The 
reaction mixture was concentrated in vacuo and the residue was purified by 
chromatography on silica gel (7.5% ether-dichloromethane) to give the desired 
compound as a soft, off-white powder. 

Example 109B 

5-f- 1 ♦aminQ-3-thiomethvlPropyin H-1 -(2-cvanoet hvhtetrazole hydrochloride 
The compound of Example 109A (370 mg) and thiophenol (0.20 mL) were 
dissolved in 1 M HCI in ethyl acetate (10 mL) and the reaction mixture was stirred for 2 
hours at ambient temperature. The reaction mixture was concentrated and the residue 
was partitioned between ether and water. The aqueous phase was washed twice with 
ether and then was frozen and lyophilized to give the desired compound (233 mg) as a 
tan glass. 

Example 109C 

N-f3-{methyl1hiQ)-W1H-tetra70l^ 

The desired compound was prepared according to the method of Example 106. 
except substituting 5-(-1 -amino-3-thiomethylpropyl]-1 H-1 -(2-cyanoethyl)tetrazole 
hydrochloride, prepared as in Example 109B. for cysteine methyl ester hydrochloride. 1 H 
NMR (300 MHz. DMSO-d6) 8 8.96 (d. 1H), 8.37 (d.1H). 8.17 (dd. 1H). 7.50 (m. 4H). 7.30 
(m. 6H), 5.19 (s. 2H). 5.18 (m. 1H), 2.28 (m. 2H). 2.06 (m, 2H). 2.00 (s. 3H). MS (DCI- 
NH 3 ) m/e 461 (M+H)+. Anal calcd for C24H24N6O2S 0.5 H 2 0: C, 61 .39; H. 5.37; N. 
1 7.90. Found: C, 61 .24; H. 5.26; N, 1 7.80. 
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SCH 3 

Example 110 

f4-f3-PVridvloxvmethvh-2-Dh6nvlhfln7n V nm8thinninft a mi^ A 

Example 1 1 0A 
/V-tert-butoxvcaroonvlmethj onine thioamide 
To a 0 °C solution in THF (160 mL) of /v-tert-butoxycarbonylmethionine (4.0 g, 16 
mmol) was added N-methylmorpholine (1.84 mL, 16.2 mmol) and isobutyl chloroformate 
(2.1 mL, 16.2 mmol) and the reaction mixture was stirred for 20 minutes at 0 °C. 
Concentrated NH 4 OH (7 mL) was added and stirring was continued at 0 °C for 2 hours. 
The reaction mixture was concentrated in vacuo and the residue was partitioned between 
ethyl acetate and aqueous 1M H3PO4. The organic phase was washed twice with 
saturated aqueous sodium bicarbonate (2x) and brine, dried, filtered and concentrated to 
give AMert-butoxycarbonylmethionine amide (3.43 g) as a white solid. 

Example 11 OR 
A/-tert-butoxvcarbonvlmftthi9 ninethioamide 
To a solution in THF (200 mL) of W-tert-butoxycarbonylmethionine amide (3.4 g, 
14 mmol), prepared as in Example 1 10A, was added Lawesson's reagent (8.3 g. 20 
mmol) and THF (50 mL) and the reaction mixture was stirred 2 days at ambient 
temperature. The reaction mixture was concentrated in vacuo to give an off-white solid 
(12.2 g). Chromatography on silica gel (33% ethyl acetate-hexanes) to give AMert- 
butoxycarbonylmethionine thioamide (1 .1 g) as a colorless glass. 

Example 11 OH 

f4-(3-pvridvlQxvmethvl)-2-Phenvlbenzpvl|met hionine amidp 
/V-tert-butoxycarbonylmethionine thioamide (140 mg, 0.53 mmol), prepared as in 
Example 1 10B, was dissolved in 4N HCI-dioxane (5 mL) and the mixture was stirred for 1 
hour. The reaction mixture was concentrated in vacuo to give methionine thioamide 
which was coupled with 4-(3-pyridylmethyloxy)-2-phenylbenzoic acid, prepared as in 
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Example 101 D using the procedure of Example 52A. 1 H NMR (CDCI3) 8 8.40 (dd, 1 H), 
8.25 (dd, 1H). 8.00 (br s. 1H), 7.70 (d, 1H), 7.42 (m, 6H). 7.33 (br s. 1H), 7.25 (m, 3H), 
6.49 (d, 2H), 5.20 (s, 2H). 4.95 (m, 1H), 2.30 (m.2H), 2.06 (s, 3H), 1.90 (m. 2H). MS 
(DCI-NH3) m/e 452 (M+H)+. 




0 S 

sch 3 

Example 1 1 1 

/V-f4-(3-pyric^loxvmethvl^2~phenvlben20vn2.aminft. 5>thiomethvlpentanoic aciri 

Example 111 A 
/V-tert-butoxvcaroonvlmethioninft diazo ketone 
To a 0 °C solution in THF (40 mL) of N-tert-butoxycarbonylmethionine (2.0 g, 8.0 
mmol) was added N-methylmorpholine (0.93 mL, 8.5 mmol) and isobutyl chloroformate 
(1 .05 mL, 8.1 mmol). The reaction mixture was stirred for 20 minutes at 0 °C and then 
was filtered through a plug of Celite. To the filtrate was added TMSCHN 2 (2.0 M in 
hexane, 8.0 mL. 16 mmol) and acetonitrile (17 mL). The reaction mixture was stirred for 
2.5 hours at 0 °C, then additional TMSCHN 2 solution (5-10 mL) was added, the cold bath 
was removed and stirring was continued overnight. The reaction mixture was 
concentrated in vacuo and the residue was partitioned between ethyl acetate and 
saturated aqueous sodium bicarbonate. The organic phase was washed with saturated 
aqueous sodium bicarbonate and brine, dried over sodium sulfate, filtered and 
concentrated. Chromatography on silica gel (33% ethyl acetate-hexane) gave the 
desired compound (465 mg) as a thick orange oil. 

Example 11 1B 

/V-fgrt't>UtOXVCarbonvl-2-amino-5-thiomethvlpentanoic acid methvl ester 
To a solution in methanol (20 mL) of rV-rert-butoxycarbonylmethionine diazo 
ketone (460 mg, 1.68 mmol), prepared as in Example 1 11 A, was added a solution of 
silver benzoate (104 mg, 0.45 mmol) in triethylamine (2 mL) and the reaction mixture was 
stirred for 2.5 hours. The reaction mixture was concentrated in vacuo and the residue 
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was purified by chromatography on silica gel (20% ethyl acetate-hexane) to give N-tert- 
butoxycarbonyl-2-amino-5-thiomethylpentanoic acid methyl ester (405 mg) as a thick oil. 

Example ill C 

^4.f3.pyrjdYlQX7rn9thVl)-2-Phenvlben70vn2.aminn..q.thin m ethvlD e nt a nni r acid msthyl 

ester 

The desired compound was prepared according to the method of Example 1 10C. 
except substituting /V-tert-butoxycarbonyl-2-amino.5-thiomethylpentanoic acid methyl 
ester, prepared as in Example 248B. for AMert-butoxycarbonylmethionine thioamide. 

Example 11 m 

/V-f4>(3~pvridvlOXVmftthvh-2-Phenvlr^n7o V |12.amino^.t hiomethvlnAnt a nnjr ? ^ 
The desired compound was prepared by saponification of the compound of 
Example 1 11 C. 1 H NMR (300 MHz, DMSO-d 6 ) 8 8.56 (d, 1 H), 8.36 (d, 1 H), 8.20 (d, 1 H), 
7.75 (dd, 1H), 7.57 (m, 3H), 7.44 (m, 6H), 5.19 (s, 2H), 2.38 (m. 2H), 2.25 (m, 2H). 2.05 
(s,3H), 1.68 (m.2H). MS (APCI) m/e 451 (M+H)+. Anal calcd for C25H26N2O4S 1 .25 
H 2 0: C, 63.47; H, 6.07; N, 5.92. Found: C, 63.21; H, 5.82; N, 5.68. 




NHOH 



SCH 3 

Example 112 

f4-(3-PVridvlOXVmethvn>2-Dhenvlben7Qyl|mfl thionine hx/rimxamic acid 
A slurry in methanol of (4-(3-pyridyloxymethyl)-2-phenylbenzoyl]methionine methyl 
ester (143 mg, 0.32 mmol), prepared as in Example 97, hydroxylamine hydrochloride (26 
mg, 0.37 mmol) and potassium carbonate (106 mg, 0.77 mmol) was stirred at ambient 
temperture for 4 hours, then a solution of potassium hydroxide in methanol (0.33 mL) 
was added and stirring was continued overnight at ambient temperature. The reaction 
mixture was filtered and the filtrate was diluted with water and taken to pH 4. The 
aqueous phase was extracted with 3:1 chloroform-isopropanol. The organic extract was 
washed with brine, dried over sodium sulfate, filtered, and concentrated in vacuo. 
Purification by prep HPLC gave [4-(3-pyridyloxymethyl)-2-phenylbenzoyl]methionine 
hydroxamic acid (92 mg). 1H NMR (300 MHz. DMSO-d 6 ) 8 10.58 (br s. 1H). 8.58 (d.1H), 
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8.40 (d. 1H), 8.33 (d. 1H), 7.80 (dd, 1H), 7.60 (dd, 1H), 7.50 (m, 3H), 7.36 (m. 5H). 5.35 
<s, 2H). 4.20 (m, 1H), 2.12 (m. 2H), 1.98 (s, 3H). 1.70 (m, 2H). MS (APCI) m/e452 




NHS0 2 CH 3 



0 v » 

SCH 3 

Example 113 

r4-(3-PvridvlQXvmethvl)-2-Phenvlben2ovnmethinni ne methvlsutfnnimirio 
A solution in THF (5 mL) of [4-(3-pyridyloxymethyl)-2-phenylbenzoyl]methionine 
(143 mg, 0.32 mmol), prepared as in Example 98, and carbonyldiimidazole (136 mg, 0.84 
mmol) was stirred overnight at 45-50 °C. A 1 .6 mL aliquot of the reaction mixture was 
removed and to it was added methanesulfonamide (78 mg, 0.82 mmol) and DBU (0.12 
mL, 0.80 mmol) and the mixture was stirred overnight at ambient temperature. The 
reaction mixture was partitioned between ethty acetate and pH 4 water. The organic 
phase was washed with water and brine, dried over sodium sulfate, filtered and 
concentrated in vacuo. Chromatography! on silica gel (98.5:1 .5:0.5 chloroform-methanol- 
acetic acid) gave [4-(3-pyridyloxymethyl)-2-phenylbenzoyl]methionine methylsulfonyl 
amide. (31 mg after azeotroping and lyophilization). 1 H NMR (300 MHz, DMSO-d6) 5 
8.62 (d.1H), 8.39 (d, 1H), 8.18 (d, 1H), 7.50 (m, 4H), 7.36 (m, 6H), 5.28 (s, 2H), 4.27 (m, 
1H), 3.21 (s, 3H), 2.20 (t, 2H), 2.02 (s. 3H), 1.81 (m, 2H). MS (APCI) m/e 514 (M+H)+. 
Anal calcd for C25H27N3O3S2 1 .25 H 2 0: C, 56.01 ; H, 5.55; N, 7.84. Found: C. 55.72; H. 
5.08; N. 8.18. 
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Example 114 



f4-(3-pvridvloxvmethvn-2-Dhenvlben2oyl) methiQnine phenvlsulfonimid e 
The desired compound was prepared by addition of phenyls-jlfonamide and DBU 
to a second 1 .6 mL aliquot of the reaction mixture used in Example 113. 1 H NMR 
(DMSO-d 6 ) 6 8.49 (d,1H), 8.38 (d. 1H), 8.18 (d, 1H), 7.91 (d, 2H), 7.73 (m,1H), 7.63 ( m 
2H). 7.46 (m. 3H). 7.41 (d, 1 H), 7.32 (m, 6H), 5.27 (s, 2H). 4.25 (m, 1 H), 2.09 (t. 2H), 
1 97 (s. 3H). 1 .70 (m, 2H). MS (ESI) m/e 576 (M+H)+. 




NHS0 2 CH 3 



0 s 

SCH 3 

Example 115 

f4-f3-pyridVl0xymftthvn-2-r2-methvlPhenvnben7n V nmethionine methvlsulfonimirip 

Example 11 5A 
/V-terf-butoxvcarbonvlmethioni ne methvlsulfonvimidfl 
The desired compound was prepared according to the method of Example 1 13, 
except substituting A/-fert-butoxycarbonymethionine for [4-(3-pyridyloxy methyl) -2- 
phenylbenzoyljmethionine methyl ester. 

Example 115B 

f4-(3-pyridvlQyyrpflthvn-2-(2-methvlDhenvnben2ovl| methionine methvlsulfonimid p 
The desired compound was prepared according to the method of Example 1 10C. 
except substituting N-fert-butoxycaroonylmethionine methylsulfonyl amide, prepared as 
in Example 1 15A and 4-(3-pyridylmethyloxy)-2-(2-methylphenyl)benzoic acid, prepared 
as in Example 70E for A/-tert-butoxycarbonylmethionine thioamide and 4-(3- 
pyridylmethyloxy)-2-phenylbenzoic acid respectively. 1 H NMR (300 MHz. DMSO-d6) 6 
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8.38 (d. 1H), 8.30 (br s. 1H), 8.18 (d, 1H). 7.57 (m, 2H), 7.45 (ddd. 1H). 7.35 (dd. 1H). 
7.30 (br s, 1H), 7.20 (m, 4H). 5.27 (s. 2H), 4.20 (m, 1H), 3.17 (s. 3H), 2.18-1.98 
(envelope, 8H), 1 .77 (m, 2H). MS (APCI) m/e 528 (M+H)+. Anal calcd for 
C26H29N3O5S2 0.25 H 2 0: C. 58.68; H, 5.59; N, 7.90. Found: C. 58.62: H. 5.46; N. 7.84. 




NHS0 2 C 6 Hc 



SCH 3 

Example 11fi 



f4-(3-PYridVloyYmPthvl)-?»(2-methvlDhenvnben2 Q vl1m e thi o nine ohenvkulfnnimj^ p 
The desired compound was prepared according to the method of Example 1 1 5. 
except substituting benzenesulfonamide for methylsulfonamide. 1 H NMR (300 MHz. 
DMSO-de) 58.38 (d, 1H), 8.18 (br s, 1H), 8.18 (d, 1H), 7.86 (m, 2H), 7.73 (m. 1H). 7.62 
(m. 2H). 7.50 (m, 2H), 7.45 (ddd, 1H), 7.35 (dd, 1H), 7.30-7.00 (envelope, 6H). 5.27 (s. 
2H), 4.17 (m, 1H), 1.98 (m, 8H), 1.60 (m, 2H). MS (APCI) 590 (M+H)+. Anal calcd for 
C3iH 31 N 3 O5S2. , 0.5 H 2 0: C, 62.19; H, 5.39; N, 7.02. Found: C. 62.31; H, 5.03; N, 6.83. 




NHS0 2 R 



SCH 3 
Example 11 7.1ft* 



Examples 254-271 were prepared by stirring a solution in dichloromethane of [4-(3- 
pyridyloxymethyl)-2-phenylbenzoyl]methionine methyl ester, prepared as in Example 97. 
or [4-(3-pyridyloxymethyl)-2-phenylbenzoyt]methionine, prepared as in Example 98. with 
H2NSO2R2, (2.6 equiv.) , ethyl dimethylaminopropyl carbodiimide hydrochloride (1.1 
equiv.) and 4-dimethylaminopyridine (0.5 equiv.). Non-commercial sulfonamides were 
prepared by reaction of sulfonyl chloride R 2 S0 2 CI and concentrated NH 4 OH in THF. 



WO 97/17070 



PCT/US96/17092 



173 



Example 



117 



118 



119 



120 



121 



isopropyl 



3-tolyl 



4-fluorophenyl 



4-chlorophenyl 



4-bromophenyl 



Physical Data 
'H NMR (300 MHz. DMSO-d6) 
MS (APCI) m/e 

1 H NMR 8 8.67 (d. 1H), 8.38 (d, 1H),8.19(d. 1H). 
7.50 (m, 4H), 7.35 (m. 5H). 5.30 (s. 2H), 4.26 (m, 
1H), 3.60 (m, 1H), 2.22 (m, 2H), 2.02 (s, 3H), 1.81 
(m, 2H), 1.28 (d, 3H), 1.20 (d, 3H). MS 542 
(M+H)+. 

1 H NMR 8 8.55 (d,1H),8.38 (d,1H), 8.18 (dd, 1H), 
7.72 (m, 2H), 7.50 (m. 5H). 7.40 (d, 1H), 7.15 (m, 
3H), 7.27 (m, 3H). 5.29 (s. 2H). 4.26 (m. 1H), 2.40 
(s, 3H), 2.08 (m, 2H), 1.95 (s, 3H). 1.68 (m. 2H). 
MS 590 (M+H)+. 

1 H NMR 8 8.57 (d,1H), 8.38 (d,1H), 8.18 (d, 1H), 
7.98 (m, 2H), 7.55-7.25 (envelope. 12H), 5.29 (s. 
2H), 4.23 (m, 1H), 2.11 (m. 2H). 1.96 (s. 3H). 1.70 
(m, 2H). MS (APCI) m/e 594 (M+H)+. 

1 H NMR 8 8.60 (d.1H). 8.40 (d.1H). 8.20 (d. 1H). 
7.98 (m, 2H). 7.93 (d, 2H). 7.72 (d. 2H). 7.50 (m, 
3H), 7.42, 7.34. 7.27 (all m. total 7H), 5.30 (s. 2H), 
4.23 (m, 1H). 2.13 (m. 2H). 1.96 (s. 3H), 1.70 (m, 
2H). MS 610. 612 (M+H)-. 

1 H NMR 8 8.60 (d,1H). 8.40 (d.1H). 8.20 (d. 1H), 
7.85 (m,4H). 7.50 (m, 3H). 7.42. 7.34, 7.27 (all m, 
total 7H), 5.30 (s. 2H). 4.23 (m. 1H), 2.13 (m, 2H). 
1 .96 (s. 3H). 1 .70 (m. 2H). 654. 656 (M+H) + . 
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122 



123 



3-thienyl 1 H NMR 8 8.58 (d,1H), 8.39 (d,1H), 8.19 (d, 1H). 

8.06 (dd,1H). 7.78 (dd.1H), 7.50 (m.3H). 7.43 (d, 
1H), 7.35 (m, 6H), 7.22 (dd. 1H). 5.30 (s. 2H), 4.23 
(m, 1H), 2.10 (m,2H), 1.96 (s.3H), 1.70 (m.2H). 
MS 582 (M+H)+. 

4-trifluoromethylphenyl 1 H NMR 8 8.55 (br d,1 H), 8.38 (d,1H), 8.18 (d. 1 H). 

8.10 (d. 2H), 8.01 (d, 2H), 7.72 (d, 2H), 7.50 (m. 
3H), 7.40 (d,1H), 7.35 (m, 3H), 7.25 (m, 3H), 5.30 
(s. 2H), 4.23 (m, 1H), 2.15 (m, 2H), 1 .96 (s, 3H), 
1.75 (m,2H). MS 644 (M+H)+. 



124 



125 



126 



127 



4-ethylphenyl 



4-fert-butylphenyl 



4-methoxyphenyl 



4-tolyl 



1 H NMR 8 8.38 (d,1H), 8.17 (dd. 1H), 7.78 (m. 2H), 
7.50-7.25 (envelope, 13 H), 5.28 (s. 2H), 4.22 (m, 
1H), 2.70 (m, 2H), 2.07 (m. 2H). 1.95 (s, 3H), 1.70 
(m, 2H), 1.20 (m, 3H). MS 604 (M+H)-. 

1 H NMR 88.53 (br d,1H), 8.38 (d,1H), 8.18 (d. 1H), 
7.83 (d, 2H), 7.63 (d, 2H), 7.48 (m, 3H). 7.41 (d, 
1 H), 7.35 (m, 3H), 7.30 (m, 3H), 5.29 (s, 2H), 4.24 
(m. 1H), 2.08 (m, 2H), 1.95 (s. 3H), 1.70 (m, 2H), 
1 .53 (s, 9H). MS 632 (M+H)+ 

1 H NMR 88.53 (brd,1H), 8.38 (d.1H), 8.18 (d, 1H), 
7.83 (d, 2H), 7.50 (m, 3H), 7.42 (d. 1H), 7.35 (m, 
3H), 7.30 (m, 3H), 7.15 (d, 2H), 5.29 (s, 2H), 4.23 
(m. 1H), 3.85 (s, 3H), 2.08 (m, 2H), 1.96 (s, 3H), 
1.67 (m,2H). MS606(M+H)+. 

1 H NMR 8 8.52 (br d, 1 H), 8.38 (d, 1 H), 8.18 (d, 
1 H), 7.80 (d, 2H), 7.45 (m, 6H), 7.30 (m. 6H). 5.27 
(s. 2H), 4.25 (m, 1H), 2.40 (s. 3H), 2.08 (t. 2H), 1 .97 
(s, 3H), 1.70 (m, 2H). MS 590 (M+H)+. 
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128 



129 



130 



131 



132 



133 



trifluoromethyl 



benzyl 



ethyl 



1 -naphthyl 



2-naphthyl 



4-nitrophenyl 



1 H NMR 5 8.69 (d, 1 H), 8.42 (d. 1 H). 8.06 (dd. 1 H). 
7.95 (d, 1H), 7.80 (dd, 1H). 7.52 (m, 3H), 7.44 (m, 
2H). 7.36 (m, 3H), 5.40 <$, 2H). 4.20 (m, 1H), 2.19 
(m, 2H), 1.98 (s, 3H), 1.85. 1,75 (m, m. total 2H). 

1 H NMR 8 8.62 (br d, 1 H), 8.50 (d, 1 H), 8.27 (br d. 
1H), 7.72 (dd, 1H), 7.53 (m. 4H), 7.38 (m. 5H), 5.35 
(s, 2H), 4.30 (m, 1H), 3.30 (m, 2H), 2.23 (m, 2H), 
2.01 (s, 3H), 1.82 (r., 2H).. MS 590 (M+H)+. 

1 H NMR 5 8.62 (br d, 1 H), 8.50 (d. 1 H), 8.27 (br d, 
1H), 7.72 (dd, 1H), 7.53 (m, 4H), 7.38 (m, 5H). 5.35 
(S. 2H), 4.30 (m, 1H), 3.30 (m, 2H), 2.23 (m. 2H), 
2.01 (s, 3H), 1.82 (m, 2H). MS 528 (M+H)+. 

1 H NMR 88.57 (d, 1H), 8.43 (br s, 1H), 8.40 (d. 
1 H), 8.33 (d, 2H), 8.24 (br d, 1 H), 8.1 5 (d, 1 H). 7.70 
(m, 4H), 7.46 (m, 3H), 7.36 (d, 1H), 7.27 (m, 5H), 
5.28 (s, 2H), 4.25 (m, 1H), 1.90 (m. 2H). 1.82 (s. 
3H), 1.57 (m, 1H), 1.40 (m, 1H). MS 626 (M+H)+. 

1 H NMR 8 8.62 (s, 1 H), 8.54 (br d, 1 H), 8.36 (d, 
1H), 8.23 (d, 1H), 8.16 (m, 2H), 8.09 (d,1H), 7.85 
(dd, 1H), 7.74 (m, 2H), 7.44 (m, 3H), 7.33 (m, 4H), 

7.15 (m, 3H), 5.26 (s, 2H), 4.27 (m. 1H). 2.10 (m. 
2H), 1 .93 (s, 3H), 1 .70 (m, 2H). MS MS 626 
(M+H)+. 

1 H NMR 8 8.57 (d, 1 H), 8.41 (m, 3H), 8.20 (dd. 1 H). 

8.16 (d. 2H), 7.50 (m, 3H), 7.41 (d, 1H). 7.34 (m, 

3H), 7.26 (m, 3H), 5.28 (s, 2H), 4.24 (m. 1H), 2.16 

(m,2H), 1.97 (s,3H), 1.72 (m,2H). MS 621 
(M+H)+. 
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2-tolyl 1 H NMR 6 8.55 (d,1H), 8.51 (br s, 1 H). 8.29 (br d. 

1H), 7.96 (dd. 1H), 7.73 (brdd. 1H), 7.60 (m. 1H), 
7.50 (m, 3H), 7.41 (m, 3H), 7.32 (m. 2H), 7.26 (m. 
3H), 5.33 (s, 2H), 4.30 (m, 1H), 2.58 (s, 3H). 2.10 
(m,2H), 1.97 (s.3H), 1 .70 (m. 2H). MS 590 
(M+H)+. 




Example 135 

N-f3-(methylthioH ♦(2-trifluoromethvl-1 H-1 ■3.4.tria?ol-5.y n DroDvlM.f3.n V ridvioxvmfithyiu 

2-Phenvlbenzamirie 

Example 135A 

1 -f /V-tert-butoxvcarbonv)-3-thiQmethylDr opy|. 1 -amidazone hvdroidirte 
To a solution in acetone (4 rnL) of AMert-butoxycarbonylmethionine amide (940 
mg, 3.56 mmol), prepared as in Example 1 10A, was added iodomethane (0.265 rnL. 4.26 
mmol). The reaction mixture was stirred for 2.5 hours, additional iodomethane (0.5 rnL. 
8.0 mmol) was added and stirring was continued for 2 hours. The reaction mixture was 
diluted with ether and filtered, and the filtrated was concentrated in vacuo to give a yellow 
solid. The solid was taken up in methanol (3 mL) and cooled to 0 °C and a solution of 
hydrazine (0.1 15 mL, 3.67 mmol) in methanol (3 mL) was added dropwise over about 5 
minutes. The reaction mixture was stirred for 4 hours. The reaction mixture was diluted 
with ether and the cloudy solution was left standing in the refrigerator overnight. The 
supernatant was decanted from a pink oil which separated off and the oil was dried under 
high vacuum to give 1-(rV-tert-butoxycarbony)-3-thiomethylpropyl-1-amida2one 
hydroidide (850 mg) as a pink glass. 
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Example 135B 

a-n-f/V-tefrbutoxvcarbo^ 

To a 0 °C slurry of 1-(/V-tert-butoxycarbony)-3-thiomethylpropyl-l-amidazone 
hydroidide (780 mg, 2.0 mmol), prepared as in Example 135A, in toluene (20 mL) was 
added pyridine (0.54 mL, 6.7 mmol) and trifluoroacetic anhydride (0.26 mL, 1.8 mmol) 
and the reaction mixture was stirred and warmed to ambient temperature over 4.5 hours 
during which a substantial amount of solid formed. THF (30 mL) was added to form a 
solution and the reaction mixture was stirred for 2.5 days. The reaction mixture was 
diluted with ethyl acetate and washed with aqueous 1M H3PO4 and brine, dried over 
sodium sulfate, filtered and concentrated in vacuo. Chromatography on silica gel (25% 
ethyl acetate-hexane) gave the desired compound (76 mg). 

Example 

2-f1-arpin9-2-thiomRthv|prppvl1-5-trifluoromethyl.(i H.1 ,3.41tria?nlf> hydrochlnririP 
The desired compound was prepared by treatment of the product of Example 
135B with 4N HCI-dioxane using the procedure of Example 1 10C. 

Example 13SD 

N-f3-(methvlthi0H -(2-trifluoromethvl-1 H-1 3 4 -tria2 0 |.5.vnnm DV |1-4.r3- P vridvlnYymath Y l). 

2-Phenvlbfln7ami^p 
The desired compound was prepared by coupling of 2-[1-amino-2- 
thiomethylpropyl]-5-trifluoromethyl-(1H-1.3.4)triazole hydrochloride, prepared as in 
Example 135C and 4-(3-pyridylmethyloxy)-2-phenylbenzoic acid, prepared as in Example 
1 01 D using the method of Example 52A. 1 H NMR (300 MHz,. DMSO-d6) 5 8.66 (br 
d.1H), 8.38 (d, 1H), 8.18 (d, 1H). 7.61 (d, 1H), 7.53 (dd, 1H), 7.45 (ddd, 1H). 7.35 (dd, 
1H), 7.28 (brs, 1H), 7.20-7.00 (envelope, 4H), 5.27 (s. 2H), 5.06 (m, 1H). 2.20 (m, 2H). 
2.00 (m, 8H). MS (ESI) m/e 542 (M+H)+. Anal calcd for C27H26F3N5O2SO.5 H 2 0: C. 
58.90; H, 4.94; N, 12.72. Found: C, 58.85; H, 4.56; N, 12.84. 
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Example 136 

(4-f2-(Dvrid-3-vnethenyiy2W2-methvlDhenvhb enzovnmethionine methyl estPr 
The desired compound was prepared according to the method of Example 76, 
except substituting 2-methylphenylboronic acid for phenylboronic acid. 1 H NMR (300 
MHz, CDCI 3 ) 8 8.74 (d, 1H), 8.52 (d, 1H), 8.01 (dd, 1H), 7.88 (dd, 1H), 7.62 (dd, 1H), 
7.40-7.28 (m. 6H). 7.19,7.18 (2 d's, 2H), 5.95 (d. 1H). 4.65 (m, 1H), 3.67 (s, 3H), 
2.23.2.11 (2 s's,3H), 2.10-2.00 (m.2H), 2.03 (s, 3 H), 1.89 (m, 1H), 1.61 (m, 1H). MS 
(Cl + ) m/e 484 (M+H) + . 




Example 137 

(4-f2-(Dvrid-3-vhethenvl1-2-f2-methvlPhenvnben?ovl\methionine sodium salt 
To a solution of {4-[2-(pyrid-3-yl)ethenyl]-2-{2-methylphenyl)benzoyl}methionine 
methyl ester, prepared as in Example 136, (3.285 g, 7.13 mmol) in methanol (10 mL) 
was added a solution of sodium hydroxide (0.979 M. 7.35 mL). After 15 hours, the 
solvent was evaporated in vacuo to give the title compound (3.35 g, 100%). 1 H NMR 
(300 MHz, DMSO-d 6 ) 58.79 (d, 1H), 8.46 (dd, 1H), 8.05 (dt, 1H), 7.70-7.53 (m. 3H), 
7.48 -7.37 (m, 4H), 7.27-7.18 (m. 3H),6.97 (m, 1H), 3.50 (m. 1H), 2.21.2.03 (2 s's, 3H). 
2.00-1.92 (m, 2H), 1.93 (s, 3H), 1.70 (m, 1H), 1.58 (m, 1H). MS (APCI) m/e 445 (M-H)- 
as the acid form. 
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N 




NHSO 2 -(4-t0lyl) 



SCH 3 
Example 138 



(4-[2-(pyric|-3-Yl)ethenvn-2W2-methvlDhenvnben7n y l}m e thionin6 4-tolylsulfonamid e 
The desired compound was prepared according to the method of Example 125. 
except substituting {4-[2-(pyrid-3-yl)ethenyl]-2-(2-methylphenyl)benzoyl}methionine, 
prepared as in Example 137, for [4-(3-pyridyloxymethyl)-2-phenylbenzoyl]methionine. 
iH NMR (500 MHz. DMSO-d 6 ) 8 8.50 (d, 1H). 8.13 (d, 1H). 8.07 (br s. 1H), 7.78 (d. 2H). 
7.68 (d. 1H). 7.62 (m. 1H), 7.57-7.40 (envelope 7H). 7.24-7.04 (envelope. 4H). 4.19 (m. 
1H). 2.41 (s, 3H). 2.17-1.95 (envelope, 5H), 1.94 (s, 3H), 1.64 (m, 2H). MS (APCI) m/e 
600 (M+H)\ 617 (M+NH4)*. Anal calcd for C33H33N3O4S2 0.6 H 2 0: C, 64.92; H. 5.65; 
N, 6.88. Found: C. 64.95; H. 5.62; N, 6.19. 



Example 139 

(4-f2-(1 H-1 -imida70lvl)ethenvl1-2-(2-methvlphen V n henzovl)methionine sodium salt 

Example 139A 

{4-f2-(1H-1-imidaz P lvnethenvn-2-f2-methvlPhenyhhen7o v l)methionine methvl ester 
The desired compound was prepared according to the method of Example 136, 
except substituting 1 -vinylimidizole for 3-vinylpyridine. 



(4-f2-(1 H-1 -imidazolvhethenvll-2-(2-methvlphenynhe nzovnmethionine sodium salt 
The desired compound was prepared by saponification of the compound of 
Example 139A according to the method of Example 137. 1 H NMR (300 MHz. DMSO- 
d 6 ): 5 8.00 (d, 1H), 7.95 (d. 1H), 7.69 (s. 1H), 7.61-7.51 (m, 2H). 7.37-6.92 (m, 8H). 




Example 139R 



WO 97/17070 




PCT/US96/17092 



180 

2.20.2.00 (2 s's, 3H), 2.00-1.92 (m, 2H). 1.93 (s. 3H). 1.70 (m. 1H). 1.58 (m. 1H). MS 
(APCI) m/e 434 (M-H)- as the acid form. 




Example 140 

(4-f2-f 1 H-1 -imida70lvhethvl1-2W2.methvlohen V l)h Qnzov»methionine sodium ^ 

Example 140A 

f4-r2-(1 H-1 'imida20lvnethvl1-2-r2-methvlphen V hhen7» V nmethionine mathy) 
A mixture of the product of Example 139A (171 mg, 0.38 mmol) and palladium 
(10%) on carbon (489 mg, 0.46 mmol of palladium) in methanol was flushed with 
hydrogen, and stirred under a hydrogen balloon for 5 hours. The mixture was then 
filtered through Celite, rinsed with ethyl acetate, and concentrated in vacuo. The 
residue was purified by column chromatography (5% methanol-ethyl acetate) to give the 
title compound (97 mg, 56%). 

Example 140B 

(4-f2-f 1 H-1-imidazolvnethvll-2./2.methvlphBnvnben 2 ovl)methionine sodium salt 
The desired compound was prepared by saponification of the product of Example 
140A using the procedure of Example 137. 1H NMR (300 MHz, DMSO-d 6 ) 8 7.62 (s, 
1H), 7.51 (s, 1H), 7.44 (d, 1H), 7.36-7.14 (m, 5H), 6.98-6.82 (m. 3H). MS (APCI -) m/e 
436 (M-H)- as the acid form. 
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SMe 



N C0 2 Na 



Example 141 

[4.f4-mgthvlDvrid-3-vlaminomethvn.2-Phenvlben?f> V |lrnethiQninp ^ Hj. ,m « f i» 

Example 141 A 
4-methvl-3-ami nopvridine 
A mixture of 4-methyl-3-nitropyridine (414.4 mg, 3 mmol) and palladium (10%) on 
carbon (100 mg) in methanol (5 mL) was flushed with hydrogen, and stirred under a 
hydrogen balloon for 5 hours. The mixture was then filtered through Celite, rinsed with 
methanol, and concentrated in vacuo. The residue was used without further purification. 

Example 141B 

4-(4-methV)PVrif1-3-Vlaminomethvh.2-phenylhe nzoic arid m^hy 
A mixture of 4-methyl-3-aminopyridine (3.0 mmol), prepared as in Example 141 A. 
4-carboxaldehyde-2-phenylbenzoic acid methyl ester (480 mg, 2 mmol), prepared as in 
Example 39B, molecular sieves (size 4A, 1 g) and p-toluenesulfonic acid (10 mg) in 
toluene (3 mL) were stirred at 80 °C for 6 hours. After the reaction was cooled to room 
temperature. THF (2 mL), sodium borohydride (200 mg, 6 mmol), and ethanol (2 mL) 
was added to the reaction mixture sequentially. After 15 hours at room temperature, the 
reaction mixture was filtered through Celite and rinsed with ethyl acetate (80 mL). The 
organic phase was washed with saturated aqueous ammonium chloride, water and 
brine, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The 
residue was then purified by column chromatography (ethyl ether) to give the title 
compound (454 mg, 66%). 

Example 141f! 

(4-(4-methylnyrif|-3-VlRminomethvn-?-Phenvlbenynyl l methioninft m^yi o«? tf r 
A solution of the product of Example 141B (446 mg, 1.3 mmol) and aqueous 
saturated lithium hydroxide (3 mL) in methanol (5 mL) was heated at 60 °C for 15 hours. 
The reaction mixture was then neutralized with hydrogen chloride (4 & in dioxane. 5 
mL). The reaction mixture was concentrated in vacuo to dryness. To the residue was 
added sequentially L-methionine methyl ester hydrochloride (311 mg, 1.56 mmol). 3- 
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hydroxy 1 ,2.3-benzotriazin-4(3H)-one (318 mg, 1.95 mmol), 1 -(3-dimethylaminopropyl)- 
3-ethylcarbodiimide (374 mg, 1.95 mmol), THF (10 mL) and pyridine (1 mL). After 15 
hours, the reaction mixture was diluted with ethyl acetate, washed with water and brine, 
dried over anhydrous magnesium sulfate, filtered and concentrated in vacuo. The 
residue was then purified by column chromatography (ethyl acetate) to give the title 
compound. 

Example 141 D 

f4-(4-methvlPvrid-3-vlaminomethvn-2>phenvlbftn7 ovnmethionine sodium salt 
The desired compound was prepared by saponification of the product of Example 

14"! C using the procedure of Example 137. 1 H NMR (300 MHz. DMSO-d 6 ) 5 7.72 (s. 

1H), 7.70 (d, 1H), 7.41-7.36 (m. 7H), 7.15 (d, 1H), 6.96 (d, 1H). 5.93 (brt. 1H). 4.49 (d. 

2H), 3.78 (m. 1H), 2.17 (s. 3H). 2.16-2.02 (m, 2H), 1.95 (s. 3H). 1 .85-1.08 (m. 2 H). MS 

(APCI +) m/e 450 (M+H)+. 




Example 143 

f4-(4-methoxvDvrid-3-vlaminomethvh-2-phe nvlbenzovl)methionine sodium salt 
The desired compound was prepared according to the method of Example 141 , 
except substituting 4-methoxy-3-nitropyridine for 4-methyl-3-nitropyridine. 1 H NMR (300 
MHz. DMSO-d 6 ) 8 7.75 (d. 1 H), 7.66 (s, 1H). 7.40-7.30 (m, 7H). 7.13 (d, 1H). 6.83 (d. 
1H), 5.77 (t. 1H). 4.42 (d. 1H). 3.86 (s. 3H), 3.73 (m, 1H). 2.10 (m, 2H). 1.95 (s. 3H), 
1 .75 (m. 2H). MS (APCI+) m/e 466 (M+H)+. 
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Example 143 

f4-(4-trifluoromethvlDvrid>3-vlcarfaonvlamino^-2-ph envlben2Qyl)methionine sodium salt 

Example 143A 

f4-(4-trifluorQmethvlPvrid-3-vlcarboxvamino^-2-phen vlben2oyl]methionine methyl Psf ft r 
A mixture of 4-trifluoromethylnicotinic acid (100 mg, 0.523 mmol). (4-amino-2- 
phenylbenzoyl)methionine methyl ester hydrochloride (206 mg, 0.52 mmol), prepared as 
in Example 59B. 3-hydroxy1,2,3-benzotriazin-4(3H)-one (120 mg, 0.628 mmol), 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide (125 mg, 0.628 mmol) in THF (5 mL) was 
stirred 15 hours. The reaction mixture was diluted with ethyl acetate . washed with 
water and brine, dried over anhydrous magnesium sulfate, filtered and concentrated in 
vacuo. The residue was purified by column chromatography (50% ethyl acetate- 
hexane) to give the title compound (157 mg, 57%). 

Example 143B 

f4-(4-trifluoromethvlPvrid-3-vlcarbonvlaminoW2.phen ylben2Qvllmethionine sodium salt 
The desired compound was prepared by saponification of the product of Example 
143A using the procedure of Example 137. 1 H NMR (300 MHz. DMSO-d 6 ) 5 10.99 (br 
s. 1H), 9.03 (S, 1H), 8.97 (d. 1H), 7.89 (d, 1H), 7.72 (d, 1H), 7.68 (dd. 1H), 7.48 (d, 1H). 
7.41-32 (m, 5H). 7.12 (d, 1H),3.77(m, 1H), 2.10 (m, 2H), 2.01 (s, 3H), 1.75 (m, 2H). 
MS (APCI+) m/e 518 (M+H)+. 




Example 144 

(4-r2-(3-Dvr1dv^2-hvdroxvethyll-2-Dhenvlben2ovnm ethionine sodium salt and 
(4-f2-(3-Dvridv)-1-hvdroxvethvl)-2-Phenvlbenzovl) methionine sodium salt 



Example 144 A 
4-f2-f3-Drvidvltethenvll-2-phenvlben7oic acid methvl ester 
A mixture of the 4-iodo-2-phenylbenzoic acid methyl ester (6.1 1 g, 18.1 mmol). 
prepared as in Example 76C, 3-vinylpyridine (2.85 g, 27.1 mmol), prepared as in 
Example 76E, [1,1'-bis(diphenylphosphino)ferrocene]palladium(ll) chloride, complexed 
to dichloromethane (1:1) (444 mg, 0.543 mmol) and triethylamine (5.05 g, 36.2mmol), in 
1 -methyl-2-pyrrolidinone (30 ml_) was degassed with nitrogen and heated at 80 °C for 
1 8 hours. The reaction mixture was diluted with ether, filtered through silica gel, and 
rinsed with ethyl acetate. The filtrate was washed with water and brine, dried over 
anhydrous magnesium sulfate, filtered and concentrated in vacuo. The residue was 
purified by column chromatography (30% ethyl acetate-hexane) to give the title 
compound (4.82 g, 84%). 

Example 144B 

4-f2'(3-DrvidvlV1.2-dihvdroxvethvl1-2-phenylbenzoic acid methvl ester 
To a solution of the product of Example 144A (575 mg, 1.83 mmol), 4- 
methylmorpholine /V-oxide (642 mg, 5.48 mmol), methylsulfonamide (174 mg, 1.83 
mmol) amd quinuclidine (203 mg, 1.83 mmol) in terf-butanol (5 mL) and water (5mL) 
was added a solution of osmium tetraoxide (2.5 wt% in terf-butanol, 1 .2 mL, 0.091 
mmol). The mixture was then stirred at 70 °C for 5 hours. The reaction mixture was 
diluted with ethyl acetate, washed with water and brine, dried over anhydrous sodium 
sulfate, filtered, and concentrated in vacuo. The residue was purified by column 
chromatography (ethyl acetate and 2% methanol-ethyl acetate) to give the title 
compound (323 mg, 51%). 
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Example 144C 

4-r2-(3-prvidvn-1 2-dihvdroxvethyl try p ketal^-phenvlbenzoic acid methvl ester 
A solution o« the product of Example 144B (250 mg, 0.716 mmol) and 1 ,V- 
thiocarbonyldiimidazole (171 mg, 0.86 mmol) in THF (5 mL) was stirred at 50 3 C for 5 
hours. The reaction mixture was diluted with ether , washed with saturated aqueous 
ammonium chloride, water and brine, dried over anhydrous magnesium sulfate, filtered 
and concentrated in vacuo. The residue was purified by column chromatography (50% 
ethyl acetate-hexane) to give the title compound (227 mg, 81%). 

Example 144D 

4-f2-(3-prYidYl)-1-hvdroxvethvn-2-Phenvlhan7ni r acid methvl ester anri 
4-f2-f3-prvidvl)-2-hvdrOXVethvn-2.Dhen V lhen 2 oic acid methvl ester 
A solution of the product of Example 144C (220 mg, 0.562 mmol), tributyltin 
hydride (0.30 mL. 1 .1 mmol) and azobisisobutyronitrile (AIBN, 10 mg) in toluene was 
heated at 1 10 °C for 2 hours. The reaction mixture was diluted with ether, washed with 
10% aqueous sodium hydroxide, water and brine, dried over anhydrous magnesium 
sulfate, filtered and concentrated in vacuo. The residue was purified by column 
chromatography (20%. then 50% ethyl acetate-hexane, then ethyl acetate) to give the 
bis-deoxy compound as the first fraction (53 mg, 30%), and the desired product as the 
second fraction (117 mg, 63%, a mixture of two regioisomers). 

Example 144P 

(4-f2-(3-DVridv)-2-hvdroxvethvll-P - D henvlben7nvl>methionine sodium salt and 
{4-f2-(3-PVno'vH -hVdroxvethvll.2-nhenvlben7ovl} methionine sodium salt 

The desired compounds were prepared from the product of Example 144D 
according to the method of Examples 141 C and D. NMR (300 MHz. DMSO-d 6 ) 8 
8.61-8.37 (m, 2H), 7.79-7.60 (m. 1H). 6.02-7.00 (m, 10H), 3.88 (m, 1H).3.77 (m, 1H). 
2.95 (m. 2H), 2.15-2.02 (m, 2H). 2.00.1.99.1.96,1.95 (4 s's, 3H), 1.90-1.70 (m, 2H). MS 
(APCI + )m/e451 (M+H)+. 
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Example 145 

(4-f2-( PVriC<-3-vnethenvl1-2-r2-methvlph6nvl^en7r>Y| ) m ethion l ne h.ityl o Mf r 
{4-[2-(pyrid-3-yl)ethenyl]-2-(2-methylphenyl)benzoyl}methionine (138 mg, 0.30 
mmol) was heated at 100°C for 2 hours in n-butanol (5 mL) with 1 drop of H 2 S0 4 . The 
reaction was evaporated to dryness, partitioned between ethyl acetate and 5% 
NaHC03, washed with water and brine, and dried over Na2S04 to provide the title 
compound in 86% yield. NMR (CDCI 3) 300 MHz) 6 0.92 (t, 3H), 1 .35 (m, 2H), 1 .60 
(m, 2H), 1 .86 (m, 1 H), 2.1 (m, 9H), 4.08 (m, 2H), 4.62 (m, 1 H), 5.97 (d, 1 H), 7.1 8-8.04 
(m, 1 1 H), 8.53 (s. 1 H), 8.77 (s, 1 H). MS m/e 503 (M+H)+. 



Example 146 

N-(4-(3-Pvridv1ethvlenvl)-2>f2-tolvnbfln?Qvh.l -me thionine oetarip^yi 

{4-[2-(pyrid-3-yl)ethenyl]-2-(2-methylphenyl)benzoyl}methionine (50 mg, 0.1 1 
mmol), 1-octadecanol (30 mg, 0.1 1 mmol), and carbonyldiimidazole (18 mg, 0.1 1 mmol) 
were combined and dissolved in THF (2 mL) and heated to reflux for 18 hours. The 
mixture was diluted with ethyl acetate and washed with 5% NaHC0 3 and brine and 
dried over Na2S0 4 . Flash chromatography (50% ethyl acetate-hexane, provided the 
title compound (35.4 mg). MS m/e 699 (M+H)+. 



Example 147 

{4-f2'(pyrid-3-vnethenvl1-2-(2-methvlDhenvhben;pvl\meth i onine dimethylaminnothyi 

ester 

The desired compound was prepared according to the method of Example 145. 
except substituting N,N-dimethylethanolamine for n-butanol. 1H NMR (CDCI 3 . 300 
MHz) 8 1.62 (m, 1H), 1.87 (m. 1H). 2.1 (m, 12H), 2.40 (m, 4H), 2.72 (m, 1H). 4.28 (m. 
1H),4.59(m, 1H),6.05(m, 1H), 7.18-8.03 (m, 11H),8.52(m. 1H),8.75(m. 1H). MS 
m/e518(M+H)+. 
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Example 14ft 

(4-f2-(PYriCl-3-Yl)9th9nvn-2-(2-methvtDhenvhben?ox/l)mflt hionine acetivloxvmethyl a^pr 

{4-[2-(pyrid-3-yl)ethenyl]-2-(2-methylphenyl)benzoyl}methionine (75 mg, 0.17 
mmol), bromomethyl acetate (26 mg, 0.17 mmol), and potassium iodide (9 mg. 0.06 
mmol) were dissolved in DMF (2 mL), treated with sodium hydride (60% suspension in 
mineral oil. 6.7 mg, 0.17 mmol), and heated at 100°C for 8 hours. The mixture was 
diluted with ethyl acetate, washed with 5% NaHC0 3 and brine and dried over sodium 
sulfate. Chromatography on silica gel (50% ethyl acetate-hexane) afforded the title 
compound. 1H NMR (CDCI 3 . 300 MHz) 6 1.60 (m. 1H). 1.89 (m, 1H), 2.0-2.2 (m. 11H). 
4.64 (m. 1H). 5.72 (m. 2H). 5.91 (m. 1H). 7.15-7.64 (m. 9H). 8.02 (m. 2H). 8.57 (m, 1H). 
8.79 (m, 1H). MS m/e 519 (M+H)+. 



(4-f2-(PYricl-3-Yl)gthenvl1-2'(2-m9thvlPhenvhhenzovl\m e thio n ine pivalovloxvmethvl ester 

The desired compound was prepared according to the method of Example 148. 
except substituting chloromethyl pivalate for bromomethyl acetate. 1 H NMR (CDCI3. 
300 MHz) 8 1.19 (s, 9H). 1.59 (m. 1H), 1.84 (m, 1H). 2.1 (m, 8H), 4.63 (m. 1H). 5.72 (m. 
2H), 5.88 (m. 1H), 7.15-7.41 (m, 8H). 7.62 (m, 1H), 8.0 ( m. 2H). 8.54 (m. 1H). 8.77 (m, 
1H). MS m/e 561 (M+H)+. 



Example isn 

f4-(4-pvridvl-r-butvldimethvlsilvloxvmeth yn.2.phenylhenzovnmethionine sodium salt 

Example 1Sf>A 

4-(4-Pvridvlhvdroxvmethvn-9. phenvlben2oic acid methvl ester 
A solution of 4-bromopyridine (0.32 g, 2.0 mmol) in ether (10 mL) was cooled to 
78°C and treated with butyllithium. After 10 minutes. 4-carboxaldehyde-2- 



Sxampte 149 
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phenylbenzoic acid methyl ester (0.53 g, 2.2 mmol), prepared as in Example 160B. in 
ether (5 mL) was added. Stirring was continued for 1 5 minutes before allowing the 
reaction to warm to ambient temperature over 2 hours. The reaction mixture was 
evaporated to dryness. The residue was dissolved in ethyl acetate and washed with 
water and brine, dried and concentrated. Chromatography on silica gel (ethyl acetate) 
gave the title compound (769 mg). 

Example 15QB 

4»(4-Pvridvl-r-butvldimethvlsilvloxvmethv»-2-phen ylbenzoic aciri methvl aster 
4-(4-Pyridylhydroxymethyl)-2-phenylbenzoic acid methyl ester (769 mg, 2.41 
rr,mol), prepared as in Example 150A, diisopropylethylamine (0.84 mL. 4.8 mmol). and t- 
butyldimethylsilyl triflate (1 .1 mL, 4.8 mmol) were dissolved in methylene chloride (50 
mL) and stirred for 18 hours. TLC indicated the presence of the alcohol so additional 
base (1 mL) and triflate (0.5 mL) were added. After 15 minutes, all starting alcohol was 
consumed. The reaction mixture was washed with water, 5% NaHCCh, and brine, dried 
over Na2SC>4, and concentrated. Chromatography on silica gel (20% ethyl acetate- 
hexane) provided the desired compound in a 93% yield. 

Example 150C 

4-(4~Pvridvl-Nbutvldimethvlsilvloxvmethvh .2>phenvlben2oic aniri 
4-(4-Pyridyl-Nbutyldimethylsilyloxymethyl)-2-phenylbenzoic acid methyl ester 
(0.97 g, 2.24 mmol), prepared as in Example 150B, was dissolved in methanol. 
Saturated aqueous LiOH (1 mL) was added, and the solution was reluxed overnight. 
The reaction was evaporated to dryness and partititioned between ethyl acetate and 
water. The organic layer was dried over Na2S04 to provide the title compound in 27% 
yield. 

Example 150D 

[4.(4-Pvridvl-f-butvldimethvlsilvloxvmethvn-2.Dhenvlh enzovnmethionine methvl ester 
The desired compound was prepared by coupling of the product of Example 
150C and methionine methyl ester hydrochloride. 

Example 1S0E 

f4-(4-pvridvl-f-butvldimethvlsilvloxvmet hvn-2-phenvlbenzovnmethionine sodium salt 
[4-(4-pyridyl-f-butyldimethylsilyloxymethyl)-2-phenylbenzoyl)methionine methyl 
ester (25.0 mg, 44 nmol), prepared as in Example 150D, was dissolved in methanol (5 
mL) and stirred with NaOH (1 .0 M, 44 umol) at 55°C for 72 hours. The reaction was 
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evaporated to dryness and lyophilized from water to provide the title compound (19.4). 
1 H NMR (d 6 -DMSO. 300 MHz) 80.03 (s, 6H), 0.91 (s. 9H), 1.75 (m, 1H), 1.96 (m, 3H). 
2.09 (m, 1H), 2.5 (m, 2H), 3.75 (m, 1H), 6.02 (s, 1H), 7.2-7.5 (m, 10H), 8.50 (m. 2H). 
MSm/e551 (M+H)+. 



OH 

H 

N^COjNi 

° s 

SM« 

Example 151 

r4-f4-PVridVlhvdroxvmethvn-2.ohenvlbenzQvnm ft t hionine sodium ^ 
The desired compound was prepared from 4-(4-Pyridylhydroxymethyl)-2- 
phenylbenzoic acid methyl ester, prepared as in Example 297A according to the method 
of Examples 150C. D, and E. 1 H NMR (CDCI 3 . 300 MHz) 6 1.78 (m, 1H), 1.96 (m, 3H). 
2.09 (m, 3H). 3.73 (m, 1H), 5.80 (s, 1H), 7.13 (m, 1H), 7.2-7.5 (m. 10H), 8.48 (m. 2H). 
MS m/e 437 (M+H)+ 





Example 152 

f4-(3-PvridVlcarbonvlamino)-2-f2-methvlPhenvhb6 nzovnmethioninemethvlftst f r 
To a stirred solution of the [4-amino-2-(2-methylphenyl)benzoyl]methionine 
methyl ester (85 mg, 0.23 mmol) in CH2CI2 (5 ml) was added nicotinic acid chloride 
hydrochloride (81 mg, 0.46 mmol) and saturated NaHCOa (2 mL). The reaction was 
stirred at ambient temperature for 2 hours. The reaction was diluted with CH2CI2 (10 
mL), the layers were separated and the organic layer washed with saturated aqueous 
NaHC03 (5 mL), dried (MgS04) and concentrated in vacuo. Flash chromatography 
(CH2Cl2-methanol 50:1) and crystallization from ethyl acetate gave the desired 
compound (87 mg, 80%) as a white powder. 1 H NMR (300 MHz, CDCI3) 6 9. 10 (dd. 
1 H. J= 2.4, 1 .0 Hz), 8.80 (dd, 1H, J= 4.7, 1 .7 Hz), 8.21 (ddd, 1H, J= 7.8. 2.4. 1 .7 Hz). 
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8.09-8.00 (m, 2H). 7.71-7.66 (m. 1H), 7.64-7.61 (m, 1H), 7.46 (ddd. 1H, J= 7.8, 4.7. 1.0 
Hz). 7.35-7.20 (m. 4H). 5.92 (bd, J=7.5 Hz), 4.67-4.57 (m, 1H), 3.66 (s. 3H). 2.23-2.01 
(4s and m.8H). 2.13-2.00 (m, 1H), 1.65-1.52 (m, 1H). MS m/z 478 (M+1)+. 



f4-(3-pvridvlcarbonvlamino^2-f2.methvlnh« ! >n V hbenzovl1methinnip f 
To a stirred solution of the product of Example 300 (140 mg, 0.29 mmol) in THF 
(6 mL) was added a solution of UOH H2O (37 mg, 88 mmol) in H2O (1 mL) and the 
resulting solution stirred for 2 hours at ambient temperature. The reaction was 
concentrated in vacuo and 1 N HCI was added to the residue. The resulting precipitate 
was filtered and washed with H2O. Lyopholization gave the title compound (87 mg, 
59%) as a white powder. 1 H NMR (300 MHz, DMSO-d6, 90 °C) 8 9.12 (d, 1H, J= 2.4 
Hz), 8.74 (dd, 1H, J=4.9, 1.9 Hz), 8.31 (dt, 1H, J=7.9, 1.8 Hz), 7.84 (dd. 1H, J=7.9. 1.8 
Hz), 7.63 (S, 1H). 7.61 (d. 1H, J=2.4 Hz), 7.54 (dd, 1H, J=7.9, 4.9 Hz), 7.45 (d, 1H. J= 
7.9 Hz), 7.23-7.21 (m, 2H) , 7.19-7.15 (m. 2H), 4.30-4.26 (m, 1H), 2.28-2.22 (m. 1H), 
2.20-2.14 (m. 1H),2.11 (s, 3H), 1.98 (s,3H), 1.88-1.81 (m, 1H), i.75-1.68(m. 1H). MS 
m/z 464 (M+1)+, 446. Anal calcd for C25H25N3O4S HCI.0.5 H2O (509.01): C, 58.99; 
H, 5.35; N, 8.26. Found: C, 59.38; H, 5.49; N. 7.89. 




Example 153 
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Example 154 

f4-f3-pvridvlQxvmethvn-2-f2-trifluoromethvlpheny nbenzQvl1methinnino 

Example 154A 
4-hyroxvmethvl-2-aminoben7Qic a cid methvl ester 
To a solution of dimethylaminoterphthalate (3.07 g,-14.7 mmol) in 30 mL of a 2:1 
mixture of THF : Et 2 0 at -78°C was added neat DIBAL (6.27 g, 44.1 mmol, 3.0 eq.) and 
the reaction was warmed to 0 °C over 4 hours. The reaction was quenched with 5 mL of 
methanol followed by 5 mL of saturated aqueous sodium tartrate. The mixture was 
stirred overnight and then was taken up in ethyl acetate. The layers were separated and 
the ethyl acetate layer was washed with saturated aqueous NaHC0 3 and brine and then 
dried over Na 2 S0 4 . filtered and evaporated to an oil. Purification by chromatography on 
silica gel (50% ethyl acetate-hexane) gave the desired compound (1.03 g, 39%) of 1b as 
a colorless oil. 

Example 154B 
4-hvdroxvmethvl-2-aminobenzoi c acid methvl ester 
To a stirred solution of the product of Example 154A (152 mg, 0.84 mmol) in 
acetone (20 mL) and 3N H 2 S0 4 (20 mL) at -15 °C was added a solution of NaN0 2 
(1 .34 g, 19.4 mmol) in H 2 0 (10 mL) dropwise by addition funnel. After the addition was 
complete, urea (210 mg, 3.52 mmol) was added followed by a solution of Kl (5.1 1 g, 
30.8 mmol) in H 2 0 (5 mL), the ice bath was removed, and the reaction warmed to 
ambient temperature. After 2 hours, the reaction was quenched with saturated aqueous 
NaHS03 and the acetone was evaporated. The aqueous layer was extracted with ethyl 
acetate (3x). The combined ethyl acetate layers were dried over Na 2 S0 4l filtered and 
evaporated to an oil. Purification by chromatography on silica gel (25% ethyl acetate- 
hexane) gave the iodide (4.31 g, 84%|» as a light yellow oil. 
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4.(3-pyricMoxvmethvn.2.inHobenzQic aciri methyl ester 
To a solution of the iodide prepared in Example 154B (6.01 g, 20.6 mmol) in DMF 
(30 mL) was added SOCI 2 and LiCI and the reaction was stirred at 25 °C for 5 minutes. 
The reaction mixture was taken up in ethyl acetate, washed with H 2 0 (3x) and brine 
(4x). dried over Na 2 S0 4 . filtered and evaporated to an oil. The benzyl chloride (6.39 g, 
20.6 mmol) was dissolved in toluene and 18-crown-6 (8.17 g, 30.9 mmol) was added 
followed by the potassium salt of 3-pyridinol and the reaction was heated to reflux. The 
reaction was complete in 2 hours. The reaction mixture was cooled to ambient 
temperature and washed with H 2 0 (3x), dried over Na 2 S0 4 , filtered and evaporated to 
an oil. Purification by chromatography on silica gel (gradient of 50% ethyl acetate- 
hexanes to 75% ethyl acetate-hexanes) gave the desired pyridyl ether (3.01 g, 40%). 

Example 1SAn 

4-(3-pvridvloxvmethvn-2>f2.triflu Q romethvlohenvhben 7 oi c acid methx/l A«t«r 
To a solution of the pyridyl ether prepared in Example 154C (365 mg, 0.96 mmol) 
in DMF (4 mL) at 25 °C was added PdC^PPhgfe (67 mg, 0.096 mmol, 10 mol%) 
followed by 2-trifluoromethyl boronic acid (366 mg, 1.93 mmol) and CS2CO3 (629 mg, 
1 .93 mmol) and the reaction was heated at 80 °C for 1 2 hours. The reaction was then 
cooled and taken up in ethyl acetate. The organic phase was washed with H 2 0 (5x), 
dried over Na 2 S0 4 , filtered and evaporated to an oil. Purification by radial 
chromatography (gradient of 25% ethyl acetate-hexanes to 75% ethyl acetate-hexanes) 
gave the desired compound (261 mg, 70%) as an oil. 

Example 1S4E 

4-(3-PVPdYloxvmethvn>2-f2-trifliir>romethvlnhenyl ^ben 2 oi e acid 
The product of Example 154D (241 mg, 0.62 mmol) was dissolved in methanol (5 
mL) and saturated aqueous LiOH (1 mL) was added. The reaction was heated at reflux 
for 1 hour. The reaction mixture was then evaporated and formic acid (1 mL) was added 
to acidify the crude product to pH3. The reaction was evaporated again to remove 
formic acid and ethyl acetate (5 mL) and H 2 0 (1 mL) were added to completely 
solubilize the reaction mixture. The aqueous layer was extracted with ethyl acetate (3x) 
and the ethyl acetate layers were combined and dried over Na 2 S0 4 , filtered and 
evaporated to give the acid (231mg, 100%). 
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Example 154F 

f4-(3-pvri^|Qxvrnflthvn-?-f2-trifluoromethvlDh e nvl^Pn7o Y nmethi Q ninA n^y i ftfft «, r 
The product of Example 154E (231 mg, 0.62 mmol) was dissolved in DMF (4 mL) 
and HOOBT (152mg, 0.93 mmol) was added followed by methionine methyl ester HCI 
(185mg, 0.93 mmol), EDCI (179mg, 0.93 mmol) and Et 3 N (0.18mL. 1 .24 mmol). The 
reaction was stirred for 12 hours at 25 °C and then was taken up in ethyl acetate and 
washed with H 2 0 (3x) and brine (3x). The ethyl acetate layer was dried over Na 2 S0 4l 
filtered and evaporated to an oil. Purification by radial chromatography (25% ethyl 
acetate-hexanes to 50% ethyl acetate-hexanes to 5% methanol-ethyl acetate) gave the 
desired compound (291 mg, 91%) as an oil. 

Example 154fi 

f4-(3-PYPdy|pxYrpmhYn-?-f?-trifluoromethvlnhen V nhPn7n Y ilr n ethi 0 ninP mothyi 

The product of Example 154F (291mg, 0.56 mmol) was dissolved in THF(4 mL) 
and saturated aqueous LiOH (1 mL). Water (1 mL) was added and the reaction mixture 
was stirred at room temperature for 1 hour. The reaction mixture was thoroughly 
evaporated and formic acid was added to pH3 The reaction was evaporated to dryness 
and ethyl acetate (10 mL) was added followed by a minimum quantity of H 2 0 (-1 mL) to 
completely solubilize the free acid and the water soluble salts, respectively. The layers 
were separated and the aqueous layer was extracted with ethyl acetate (3x). The ethyl 
acetate layers were combined and dried over Na 2 S0 4 . filtered, and evaporated and then 
lyophilized to give the title compound (242mg, 86%) as an amorphous white solid 1 H 
NMR (300 MHz, CD 3 OD) 88.30 (bs. 1H), 8.14 (m, 1H), 7.76 - 7.33 (m, 9H) . 5.28 (s. 
2H). 4.87 - 4.40 (m, 1H), 2.40 - 2.06 (m, 2H), 2.04 - 1.94 (m, 4H contains methionine 
SMe), 1 .92 - 1 .80 (m. 1 H). MS (CI) 505 (M+H)* 505. Anal calcd for C 2 5H 2 304N 2 SF 3 : 
0.65 H 2 0 solvate: C, 58.17; H, 4.74; N . 5.43. Found: C. 58.17; H, 4.80; N. 5.31. 
HRMS FAB Calcd m/z MH+ for C 25 H 2 30 4 N 2 SF3 505.1409. found 505.1408. 



Example ifiS 

K-f3-pyritiYl9yYmethvl)-2-(2-ethvlDhenvhben?oyl)m ethioninP m f th v i » cfrr 
The desired compound was prepared according to the method of Example 154, 
except substituting 2-ethylphenylboronic acid for 2-trifluoromethylphenylboronic acid 'H 
NMR (300 MHz, CD 3 OD) 5 8.30 (bs, 1 H), 8.14 (d, J=4.4 Hz, 1H), 7.71 - 7.17 (m. 9H), 
5.29 (s. 2H), 4.87 - 4.43 (m, 1H), 2.54 - 2.37 (m 2 H), 2.24 - 1.84 (m. 7H. contains SMe), 
1.90 - 1.82 (m, 1H), 1.04 and 0.97 (rotameric triplets, J=7.3 Hz. 3H). MS (CI) 465 
(M+H)*. Anal calcd for C 26 H 28 0 4 N 2 S: 0.22 H 2 0 solvate: C, 66.65; H, 6.12; N, 5.98. 
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Found: C. 66.64; H. 6.22; N. 5.85. HRMS FAB Calcd m/z MH + for C26H28O4N2S 
465.1848, found 465.1865. 



f4-(3»PYridYlQXYmethvn-2-(2-ethvlDhenvnbenzovl1m e th ionin6 methyl ««t»r 
The desired compound was prepared according to the method of Example 1 54, 
except substituting 2-chlorophenylboronic acid for 2-trifluoromethylphenylboronic acid. 
'H NMR (500 MHz, CD 3 OD) 5 8.31 (bs. 1H), 8.14 (d. J=4.4 Hz, 1H), 7.70 - 7.34 (m. 9H), 
5.29 (s, 2H), 4.48 -4.45 (m. 1H), 2.30 - 2.22 (m 1 H), 2.20 - 2.15 (m, 1H)J)2.05 - 1.95 (m, 
4H,contains SMe), 1 .86 - 1 .76 (m, 1 H). MS (CI) 471 (M+H)*. Anal calcd for 
C24H23O4N2SCI : C, 61.21; H. 4.92; N ,5.95. Found : C. 61.31; H, 5.20; N, 5.61. HRMS 
FAB Calcd m/z MH+ for C24H23O4N2SCI 471 .1 145, found 471 .1 165. 



f4-(3'PVridvlQXVmethvn-2-f2-methvlDhenvnben7Qy Hmethionine methyl ester 
The desired compound was prepared by saponification of 4-(3-pyridyloxymethyl)- 
2-(2-methylphenyl)benzoic acid methyl ester, prepared as in Example 70D, followed by 
coupling with methionine methyl ester hydrochloride and saponification as described in 
Examples 154E-G. 'H NMR (300 MHz, CDCb) 58.40 (bs, 1H), 8.25 (dd, J=4.1, 1.9 Hz. 
1H), 7.99 (dd, J=22.8, 8.1 Hz, 1H), 7.53 - 7.50 (m, 1H), 7.36 - 7.21 (m, 7H), 5.91 (bd. J= 
7.7 Hz. 1H (NH)), 5.18 (s, 2H), 4.70 - 4.58 (m, 1H), 3.66 (s, 3H, OMe). 2.18 - 2.00 (m. 
5H). 1.95 -1.82 (m, 1H), 1.65 - 1.55 (m, 4H, contains SMe). MS (CI) 465 (M+H)*. Anal 
calcd for C26H28O4N2S: 0.30 H 2 0 solvate: C 66.45; H ,6.13; N, 5.96. Found: C, 66.45; 
H, 6.15; N, 5.97. HRMS FAB Calcd m/z MH + for C26H28O4N2S 465.1848, found 



Example 1fifi 




Example 157 



465.1869. 
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Example 1fift 

f4-(3'PVndVlmethvlamino)-2-f2-methvtDh6nvhhfln7ny nmethiQnine rrmthyl a »| flf 

Example 1SRA 
^nitr^-fa-methvlphenvnhftnyn^ ^ 
To a solution in 4:1 THF-water (20 mL) wasadded saturated aqueous LiOH (4 
mL) and the reaction was stirred at reflux for 2 hours. The THF was evaporated and the 
residue was acidified with 2 mL of formic acid, stripped and partitioned between ethyl 
acetate and H 2 0. The ethyl acetate layer was dried over Na 2 S04. filtered and 
evaporated to give the acid as an oil which solidified upon standing. 

Example 15BB 

f4-nitro-2-(2-methvlPhenvhbenzoyl| methionine methvl ester 
The product of Example 158A (604 mg, 2.35 mmol) and HOOBT (574 mg, 3.52 
mmol) were dissolved in DMF (10 mL) and methionine methyl ester HCI (679 mg, 3.52 
mmol) and EDCI (676 mg, 3.52 mmol) were added followed by Et 3 N ( 476 mg, 0.65 mL. 
4.7 mmol). The reaction was stirred for 12 hours and then was taken up in ethyl acetate 
and washed successively with brine (3x) and water (3x). The ethyl acetate layer was 
dried over Na 2 S0 4 . filtered and evaporated. Purification by chromatography on silica 
gel (5% methanol-ethyl acetate) gave the desired compound (940mg, 98%). 

Example 158C 

f4-amino-2-(2-methvlphenvnben7ovnmA thionine methvl ester 
To a solution of the product of Example 158B (940 mg, 2.33 mmol) in ethyl 
acetate (50 mL) was added SnCI 2 .2H 2 0 (1 .85 g, 8.18 mmol) and the reaction was 
heated at reflux for 1 hour. The reaction mixture was cooled and basified to pH8 
gradually with solid NaHC0 3 , stirred overnight, and extracted with ethyl acetate. The 
ethyl acetate extract was concentrated and the residue was purified by chromatography 
on silica gel (5% methanol-ethyl acetate) to give the aniline (450mg, 52%) as an oil. 
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Example 158D 



f4-f3-Dvridvlmethvlamino)-2-f2~methvlphenvl^h enzovnmethioninB methvl afttor 
The aniline prepared in Example 158C (180 mg, 0.48 mmol) and 3-pyridine 
carboxaldehyde (55 mg, 0.51 mmol) were combined in methanol (4 mL) and sodium 
cyanoborohydride (48 mg, 0.77 mmol) was added followed by 100 mg of crushed 
molecular sieves. The reaction was adjusted to pH6 with acetic acid and stirred at 25 
°C for 3 hours. The reaction was concentrated and transferred directly to a column of 
silica gel and purified by flash chromatography (5% methanol-ethyl acetate) to give the 
title compound (1 82 mg, 82%) as an oil that solidified aflar standing. 'H NMR (300 
MHz, CD 3 OD) 8 8.54 (d. J=2.4 Hz. 1H), 8.40 (dd, J= 5.1. 1.3 Hz. 1H), 7.84 (bd. J=8.4 
Hz, 1 H), 7.65 - 7.55 (m. 1 H). 7.40 (dd, J= 7.8, 4.7 Hz, 1 H), 7.30 - 7.10 (m. 4H), 6.66 (dd. 
J=8.8. 2.3 Hz. 1H). 6.37 (d. J=2.3 Hz. 1H), 4.45 (s. 2H). 3.64 (s. 3H). 2.10 - 1.98 (m. 
8H), 1.90- 1.78 (m, 1H). 1.65- 1.55 (m. 1H). MS (CI) 464 (M+H)*. HRMS FAB Calcd 
m/z MH+ for C 2 6H2903N 3 S 464.2008, found 464.2023. 



f4-f3-Dvridvlmethvlamino^2-r2-methvlphe nvnbenzovnmethiQninft 
The desired compound was prepared by saponification of the product of Example 
158 according to the method of Example 154G. 'H NMR (300 MHz. CD 3 OD) 6 8.81 (bs. 
1H), 8.76 (bd, J- 11.8 Hz, 1H), 8.64 - 8.61 (m, 1H), 8.07 (dd. J=8.5. 6.1 Hz, 1H), 7.65 - 
7.58 (m. 1H), 7.28 - 7.18 (m, 4H), 6.70 (dd. J=8.5, 2.4 Hz, 1H), 6.40 (d, J=2.3 Hz, 1H), 
4.68 (s. 2H), 4.44 - 4.38 (m, 1 H). 2.14-1 .99 (m, 8H), 1 .90 - 1 .80 (m. 1 H), 1 .65 - 1 .55 (m. 
1H). MS (CI) 450 (M+H)*. Anal calcd for C25H28O3N3SCI: 1.10 H 2 0 and 0.80 HCI 
solvate: C. 56.12; H, 5.84; N, 7.85. Found: C, 56.11; H. 5.85; N. 8.03. HRMS FAB 
Calcd m/z MH+ for C25H27O3N3S 450.1851 . found 450.1864. 



Example 160 

f4-(3-Dvridvlaminocarbon vn-2-/2-methylDhenyhbenzovllmethiQnine 
The desired compound was prepared by saponification of [4-(3- 
pyridylaminocarbonyl)-2-(2-methylphenyl)benzoyl]methionine according to the method of 



Example 159 
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10 



15 



20 



Example 154G. 'H NMR (300 MHz, CD 3 OD) 8.90 (bs, 1H), 8.32 - 8.25 (m. 2H). 8.1 1 - 
8.05 (m. 1H), 7.85 (bs, 1H), 7.78 (d, J=8.1 Hz. 1H), 7.45(dd. J=8.5, 4.8 Hz, 1H), 7.28 
7.18 (m, 5H), 4.50 - 4.40 (m, 1H), 2.20 - 1.65 (m, 10 H). MS (CI) 464 (M+H)*. 




S0*M* 

) 

C0,H 



Example ifil 

/V-f4-(3.pyridYlOX Y methvO-2-f?-methvlphenvhh fl n y nY l1.2. a minn.A. 
(methvlSUlfonvnbutannir arid 

The desired compound was prepared according to the method of Example 85, 
except substituting [4-(3-pyridyloxymethyl)-2-(2-methylphenyl)benzoyl]methionine methyl 
ester, prepared as in Example 157, for {4-[2-(pyrid-3-yl)ethenylJ-2- 
phenylbenzoyljmethionine methyl ester. ^H NMR (300MHz, DMSO-d6) 5 8.40 (1H, d, 
J=7 Hz), 8.37 (1H, d, J=7 Hz), 7.57 (2H, bs), 7.47 (1H, dd, J=6, 3 Hz), 7.33 (1H, dd. J=7 
5 Hz), 7.30 (1H, s), 7.21 (2H, bs), 7.16 (2H, m), 5.25 (2H, s), 4.21 (1H, bs), 2.92 (3H. s). 
2.83 (1H, m), 2.70 (4H, m), 2.05 (3H, bs), 1.90 (2H. m). MS (DCI, NH 3 ) m/e 483 (M+H)* 

Anal calcd for C2 5 H28N20 7 S-1H 2 0:C, 59.99; H, 5.64; N 5.60. Found C, 59.93- H 5 60 
N, 5.45. ' 



Or 0 




N 

Example ifig 

2-f4-(3-PVridvl0XV)-?'nhenvlben7nyl Q X vU.thiometh\/|butvric arid 

25 Example 1R9 A 

3-f4-f3>pyridy|r>xv)-P-Phenvlben70vloxvU.thinm a t hY f h utvric arid m«th Y i aefr r 
To a mixture of 4-(3-pyridyloxymethyl)-2-phenylbenzoic acid (305 mg, 1.00 mmol) 
and 2-(methanesulfonyloxy)-4-(thiomethyl)butyric acid methyl ester (23lmg, 1.10 mmol) 
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was added 6 ml of toluene and 180 uL of A/.AAdiethylisopropylamine. The mixture was 
stirred at reflux for 21 hours, then was cooled to 25 °C and poured into aqueous 1 .2M 
NaHC03. The layers were shaken and separated and the aqueous layer was extracted 
with ethyl acetate (2x). The combined organic layers were extracted with brine, dried 
5 over magnesium sulfate, filtered, and concentrated to an oil. Purification by silica gel 
chromatography(50% hexanes-ethyl acetate) gave the desired compound (212 mg, 
47%) as a colorless oil. 

Example 162B 

10 2-f4-(3-DvridvloxvV2-Dhenvlben2ovloxy).4.thiomethvlbutyrir a C jfl 

To a solution of the product of Example 162A (50 mg, 0.1 1 mmol) of in 
tetrahydrofuran (1 mL) was added aqueous 2M LiOH (0.2 ml_). The mixture was stirred 
at 25 °C for 24 hours, then concentrated in vacuo. The residue was taken up in water, 
and extracted with ethyl acetate (3x). The aqueous layer was acidified to pH 3 and 

is extracted again with ethyl acetate (3x). The second set of ethyl acetate layers was dried 
over magnesium sulfate and concentrated in vacuo to a white foam. 1 H NMR (300 
MHz, DMSO) 8 1.81 (m, 2H), 1.98 (s. 3H), 2.07 (m, 2H), 4.95 (dd, J=4.0, 8.5 Hz, 1H), 
5.33 (s. 2H), 7.36 (m, 3H), 7.40 (m, 3H), 7.48 (ddd. J= 1.1, 2.9, 8.5 Hz, 1H), 7.52 (d. J= 
1.5 Hz, 1H), 7.60 (dd,J= 1.5, 8.1 Hz, 1H), 7.86 (d, J=8.1 Hz, 1H>. 8.19 (d, J= 4.0 Hz, 

20 1H), 8.39 (d, J=2.2 Hz, 1H). MS (DCI) m/e438 (M+H)+ Anal calcd for 

C 2 4H23NO 5 S«0.65H 2 O: C, 64.17; H. 5.45; N, 3.12. Found: C. 64.19; H, 5.53; N, 2.74. 
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Examples 163-165 



Example 163 

(S)-2-/V-r4-(3-PVridvl0XVmethvn»2W2.methvlphenv nben7Pvll a minn^. 
teminocamonvnbntanpj r a^jd 

Example 163 A 

(S)'2-/V-f4-(3-PVridvlQXVmethvn.2-f2-methvlphenv hben2 Q vnaminn^. 
(aminocarbonvUbutanoic acid tart-butvl ester 
The desired compound was prepared by coupling of 4-(3-pyridyloxymethyl)-2-(2- 
methylphenyl)benzoic acid with glutamine fert-butyl ester hydrochloride according to the 
method of Example 54D. 

Example 163R 

(S)»2-/V-f4W3-Pvridvloxvmethvh.2W2-meth v lph ftnvnben7ovnaminn.^. 
faminocarbonvnbutanoic acid trifinn roacetic acid salt 
The desired compound was prepared by stirring the product of Example 163A in 
1 :1 trifluoroacetic acid-4N HCI-dioxane for an amount of time sufficient to consume the 
starting ester, followed by concentration in vacuo. 1 H NMR (300 MHz, DMSO) 8 1.70 
(m. 1H), 1.85 (m, 1H), 1.97 (t, J=7.5 Hz. 2H), 2.05 (s. 3H), 2.08 (s, shoulder to 2.05), 
4.11 (m, 1H), 5.34 (s. 2H), 6.77 (bs. 1H), 7.13 (m,3H), 7.20 (m. 2H), 7.31 (s, 1H),7.61 
(m. 3H), 7.79 (d. J=8.5 Hz, 1H), 8.30 (d, J=7.7 Hz, 1H), 8.32 (d, J=5.1 Hz, 1H), 8.54 (d. 
J=2.9 Hz, 1H). MS (DCI) m/e430 (MH+-H 2 0); Anal calcd for C 2 5H25N 3 05«2.45 TFA: C, 
49.41 ; H, 3.81 ; N, 5.78. Found: C. 49.39; H, 4.01 ; N, 5.85. 

Example 164 

(S)-2-/V-f4-f3-PVridvlOXVmethvn.2-r2.methylphfln vnbenzovl1aminn-4-fA/. 
methvtaminocarbonyl)bu tanoic acid 
The desired compound was prepared according to the method of Example 163. 
except substituting 2-amino-4-(A/-methylaminocarbonyl)butanoic acid tert-butyl ester for 
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glutamine tert-butyl ester. 'H NMR (300 MHz, CD 3 OD) 8 1.78 (m, 1H). 1 .96 (m, 3H), 
2.1 1 (bs. 1.5H), 2.14 (bs. 1.5H), 2.68 (s, 3H), 4.30 (dd, J=3.9, 9.0 Hz, 1H), 5.44 (s. 2H). 
7.20 (bs, 2H). 7.24 (m. 1H), 7.40 (bs. 1H), 7.60 (dd. J=1.7, 7.9 Hz, 1H). 7.72 (m, 1H). 
8.00 (dd, J=5.5. 8.8 Hz, 1H), 8.30 (ddd. 2.9 Hz, 8.8H), 8.47 (d. J=5.5 Hz. 1H). 
8.69 (d, J=2.6 Hz. 1H). MS (FAB) m/e462 (M+H)*. Anal calcd for C26H27N3CV3.6O 
TFA: C, 45.69; H, 3.79; N, 5.02. Found: C, 45.73; H, 3.54; N, 4.82. 

Example 165 

(S)-2-/^f4»(3-PVridvloxvmethvlV2-r2-methylphen vnbenzovl1amino.4^A/. 
ethvlaminocarbonvnhutanoir arid 
The desired compound was prepared according to the method of Example 163. 
except substituting 2-amino-4-(A/^ethylaminocarbonyl)butanoic acid fe/T-butyl ester for 
glutamine tort-butyl ester. iH NMR (300 MHz. DMSO) 8 0.99 (t. J=7.4 Hz, 3H). 1 .72 (m 
1H), 1.86 (m. 1H), 1.96 (t, J=7.2 Hz, 2H). 2.05 (bs, 3H). 2.08 (s (shoulder to 2.05)). 3.04 
(m, 2H), 4.07 (m. 1 H), 5.37 (s, 2H). 7.12 (m. 2H), 7.20 (m, 2H). 7.32 (bs, 1H), 7.54 (dd. 
J=1.5. 8.1 Hz. 1H), 7.60 (d. J=8.1 Hz. 1H), 7.65 (bs. 1H), 7.71 (dd, J=5.1, 8.8 Hz, 1H), 
7.93 (dd, J=2.2, 8.5 Hz, 1H). 8.31 (d. J=7.7 Hz. 1H), 8.39 (d, JM.S Hz, 1H), 8.62 (d. 
J=2.6 Hz, 1 H). MS (DCI) m/e 476 (M+H)+. Anal calcd for C 2 7H29N 3 O5»3.05 TFA»1 .2 
H 2 0: C, 47.05; H, 4.11; N, 4.97. Found:C, 7.00; H, 4.00; N, 5.28. 



Example 166 

(S)-2-A/-f4-(3-Dvridvloxvmethvh-2.r2-methylphp nvnbenzovnamino.4. 

(amiPocarbonyDbutanoic acid 

The desired compound was prepared according to the method of Example 81 . 
except substituting 4-(3-pyridyloxymethyl)-2-phenylbenzoic acid for 4-(3- 
pyridyloxymethyl)-2-(2-methylphenyl)benzoic acid. 1 H NMR (300 MHz, DMSO) 8 1.79 
(m, 1H), 1.95 (m, 1H), 2.09 (m, 2H). 4.18 (m. 1H), 5.42 (s. 2H). 6.80 (bs. 1H), 7.25 (m. 
2H), 7.35 (m. 3H). 7.45 (m, 2H), 7.55 (m, 3H), 7.86 (dd. J=5.2, 8.5 Hz, 1H). 8.10 (d, 
J=7.7 Hz. 1H), 8.46 (d, J=4.4 Hz. 1H), 8.69 (d, J=8.1 Hz, 1H), 8.71 (bs. 1H); MS (DCI) 
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mte434 (MH+); Anal calcd for C 2 4H23N 3 O5«2.40HCI: C, 55.33. H, 4.91. N, 8.07. 
Found: C, 55.32; H, 5.06; N, 8.21. 



Example 1R7 

f4-(3-pvridvlOXVmethvn>3-DhenQxvbBn7 Q V nmethiQnine 
The desired compound was prepared according to the method of Examples 36C- 
H, except substituting 4-carbonylmethoxy-2-phenoxybenzoic acid for 4- 
carbonylmethoxy-3-phenoxybenzoic acid. NMR (300 MHz, DMSO-d6) 5 2.03 (s, 
3H). 2.0-2.3 (m, 2H), 2.5-2.6 (m. 2H), 4.4-4.5 (m, 1H), 5.25 (s, 2H), 7.03 (d, J= 8 Hz. 
2H), 7.17 (t. J=8 Hz, 1H), 7.33-7.55 (m, 5H), 7.7-7.8 (m, 2H), 8.20 (d. J=4 Hz, 1H). 8.35 
(d, J=3 Hz, 1H), 8.71 and 8.83 (d, J=8 Hz, 1H). 



SCH 3 
Example 1fifl 

f4-(3-PYridv|pxvmethvn-2-Dhenvlbenzovl]methinn ine 1-mornhnlinvlsulfonamjrt ft 
The desired compound was prepared according to the method of Example 117 
using 1-morpholine sulfonamide (prepared as described by Chem. Ber. 1972, 105 (9) 
2791). 1 H NMR (300 MHz. DMSO-d6) 5 1.73-1.9 (m, 2H). 2.03 (s, 3H), 2.15-2.28 (m. 
2H), 3.15-3.25 (m, 4H), 3.58-3.65 (m, 4H), 4.20-4.29 (m, 1H), 5.30 (s. 2H), 7.30-7.57 ( 
10H), 8.18 (d, J=4 Hz. 1H). 8.39 (d. J=3 Hz. 1H),8.61 (d, J=B Hz. 1H). 




SCH 3 
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Examples 169 and 170 



Example 1RQ 

f4-f3-PYri^YlQXVmethVl)-2-(2-methvlphenvh.S.hntylh enz Q vnmethinninp 

Example 1RQA 
2-amino-5-bromoterephthalata di methyl ester 
To a -12 °C suspension in dichloromethane of 2-aminoterephthalate (10.46 g, 50 
mmol) and pyridine (8.1 mL, 100 mmol) was added as solution of bromine (2.6 ml_. 52.5 
mmol) in dichloromethane (25 mL) over 0.5 hours and the reaction mixture was warmed 
slowly to ambient temperature and stirred overnight. Aqueous workup followed by 
recrystallization from 95% ethanol gave the desired compound (1 1 g, 77%). 

Example 169B 
2-(2-methvlPhenvl)-5-aminoterephth a | a te rti m ethvl ester 
A solution of palladium acetate (260 mg, 1 .16 mmol) and triphenylphosphine 
(1 .21 g, 4.63 mmol) was stirred for 10 minutes at ambient temperature and then the 
product of Example 169A (1 1 .1 g, 38.6 mmol), 2-methylphenylboronic acid (5.77 g, 42.4 
mmol), ethanol (18 mL) and aqueous 2M sodium carbonate (157 mL) were added. The 
reaction mixture was warmed to reflux and stirred for 18 hours. The reaction mixture 
was cooled to ambient temperature and diluted with ether. The aqueous phase was 
extracted with ether. The combined organic layers were washed with water, dried, 
filtered and concentrated in vacuo to give an orange oil. Chromatography on silica gel 
(25% ethyl acetate-hexanes) gave the disired compound (9.6 g, 83%) as a yellow solid. 

Example A ROC. 
2'(2-methvl0henvn»5-iodoterephth a | a t fl dimethyl ester 
A mixture of the product of Example 169B (7.00 g, 23.4 mmol) and aqueous 3M 
HCI (50 mL) in acetone (500 mL) was cooled to 0 °C and a solution of NaN0 2 (1 .78 g. 
25.7 mmol) in water (20 mL) was added dropwise. The reaction mixture was stirred for 
1 hour and then urea (0.53 g, 8.88 mmol) and a solution of Kl (6.79 g, 40.9 mmol) in 
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water (20 mL) was added at a rate such that the reaction temperature remained below 0 
8 C. The reaction mixture was stirred for 0.5 hours, then the cold bath was removed and 
stirring was continued for 2 hours. The reaction mixture was diluted with water (400 mL) 
and NaHS03 was added until the brown color disappeared. The reaction mixture was 
filtered and the solid was recrystallized from 20:1 aqueous ethanol to give the desired 
compound (6.46 g, 67%). mp 105-109 °C. 



Example 169P 

2-(2-methvlDhenvn-5.iodQtereohthalate 1 -methyl aster 
The desired compound was prepared by reaction of a solution of the product of 
Example 169C in THF with aqueous LiOH at 0 °C according to the method of Example 
38. 



2-(2-m8thvlDhenvl)-4-hvdroxvmethvl-5.iorJohfl n2oic acid methyl a fft ft r 
The desired compound was prepared by reduction of the product of Example 
169D using the procedure of Example 36 C. 



Example 1 RQF 

2-(2-methvlPhenvlM»bromomethvl.5.iQdQhpn y o i e acid methyl es^r 
To a -10 °C solution in dichloromethane of the product of Example 169E (830 mg, 
2.17 mmol) and carbon tetrabromide (864 mg, 2.60 mmol) was added 
triphenylphosphine (626 mg, 2.39 mmol) and the reaction mixture was warmed to 0 °C 
over 1 hour. The cold bath was then removed and stirring was continued for 2 hours. 
The reaction mixture was concentrated in vacuo and purified by chromatography on 
silica gel (5% ethyl acetate-hexanes) to give the desired compound (1.1 g) which also 
contained some triphenylphosphine. 



Example ifiQfi 

4-(3-PVridvlQXVm0thvn-2-(2-methvlPhenvn.5.iod O b ft n7n i C acid methyl M | fr 

To a solution in dichloromethane (10 mL) of benzyltriethylammonium bromide 
(1 .18 g, 4.34 mmol) was added 3-hydroxypyridine potassium salt (586 mg, 4.34 mmol) 
and the mixture was stirred for 15 minutes. A solution of the product of Example 169F 
(960 mg, 2.17 mmol) in dichloromethane (4 mL) was added and the reaction mixture 
was stirred overnight. The reaction mixture was washed with water, dried, filtered and 
concentrated in vacuo. Chromatography on silica gel (35% ethy acetate-hexanes) gave 
the desired compound (480 mg, 49%). 
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Example ififlH 

4-(3- P YridY|oxYmftthvl)-2-f2-methvlDhenvl^-5.butvihAn7 oic acid m»th v i P^ r 
To a solution of tributylborane (0.10 mL, 0.41 mmol) in degassed DMF was 
added a solution of the procuct of Example 169G (1 50 mg, 0.33 mmol) in DMF (1 mL) 
followed by b/s(diphenylphosphinofenx>cenyl)palladium(ll) chloride (8 mg, 0.01 mmol) 
and potassium phosphate (212 mg, 1.0 mmol) and the reaction mixture was stirred at 65 
°C for 3 hours. The reaction mixture was cooled to ambient temperture and poured into 
water. The aqueous phase was extracted with ethy acetate (2x). The combined organic 
layers were washed with water and brine, dried, and filtered through a plug of silica gel 
(ethyl acetate) to give the desired compound (162 mg) which was used without further 
purification. 

Example ififll 

4-(3.Dvridvloxvmethvn.2.(2.mQthvlPhflnvn..R. hutvlben?oift arid 
The desired product was prepared by saponification of the methyl ester in the 
product of Example 169H using the method of Example 97A. 

Example 16Q.I 

f4-(3-PVriP>flQXYmmhV»V?-(2'methvlDhenvh-5.butvlb e n7n V nmethi 0 n e methyl »*to r 
The desired compound was prepared by coupling to the product of Example 1691 
with methionine methyl ester hydrochloride using the procedure used in step C of the 
preparation of compound 8. 

Example 1RQK 

f4-(3-DVridvloxvmethvh.2-rp.mathv|ph a nvn.S.hu t V |ben2ovl1mftthiftn ft 
The desired compound was prepared by saponification of the product of Example 
169J using the method of Example 38. 1 H NMR (300MHz, DMSO-d 6 ) 8 8.36 (d, 1H), 
8.18 (dd. 1H), 8.09 (bd, 1H), 7.48 (m, 1H), 7.37 (s, 1H), 7.32 (dd. 1H). 7.27 (s. 1H), 7.19 
(m, 2H), 7.11 (m. 2H), 5.28 (s, 2H), 4.21 (m. 1H), 2.74 (dd, 2H). 1.98 - 2.20 (m. 5H). 
1 .96 (s, 3H), 1 .37 - 1 .90 (m, 6H), 0.92 (t, 3H). MS (CI. NH 3 ) m/e 507, 489. Anal calcd 
for C29H34N2O4S O.50 H 2 0: C, 67.55; H .6.84; N. 5.43. Found: C, 67.55; H. 6.69" N 
5.33. 
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Example 17Q 



f4W3-Dvridvloxvmethvn-2W2.methylphenvn-5-isQbu tvlben7Qx/l)m^hi^ n ir l f 
To a -78 °C solution in ether (1 mL) of tert-butyllithium (1.7 M in ether, 0.75 mL, 
1.28 mmol) was added a solution of iodoisobutane (0.74 mL, 0.64 mmol) in ether (1 mL) 
and the mixture was stirred for 30 minutes. 9-methoxy-9-borabicyclo[3.3.1]nonane (1.0 
M in ether. 0.66 mL, 0.66 mmol) was added and the reaction mixture was warmed to 30 
°C and stirred for 30 minutes. A solution of the product of Example 169G (218 mg, 0.53 
mmol) in DMF (4 mL) was then added, followed by 

b/s(diphenylphosphinoferrocenyl)palladium (II) chloride f 1 3 mg, 0.01 6 mmol) and 
potassium phosphate (338 mg, 1.59 mmol). The reaction mixture was stirred at 65 °C 
under a stream of nitrogen for 2 hours. Workup as described in Example 169H, followed 
by saponification, coupling and saponification as described in Example 1691-J gave the 
title compound. NMR (300MHz, DMSO-d 6 ) 6 8.35 (d, 1H), 8.18 (dd, 1H), 8.06 (bd. 
1H), 7.49 (dq, 1H), 7.35 (s, 1H), 7.33 (dd, 1H), 7.27 (s, 1H), 7.18 (m, 2H), 7.03 (m, 2H), 
5.25 (s, 1H). 4.22 (m, 1H), 2.63 (bd, 2H), 2.12 (heptet. 1H), 2.03 (m, 4H), 1.96 (s, 3H). 
1.64 - 1.90 (m. 3H), 0.96 (d, 6H). MS (CI. NH 3 ) m/e 507, 489. 221. 204. Anal calcd for 
C29H34N2O4S O.5O H 2 0: C, 67.90; H, 6.82; N. 5.46. Found: C, 67.91; H. 6.68; N ,5.40. 



Example 171 

r4-f3-PVridvlaminomethvn-2-f2-m6thviDhflnyn benzovnmethioninp 
The desired compound was prepared according to the method of Example 56. 
except substituting [4-(3-pyridylaminomethyl)-2-(2-methylphenyl)phenylbenzoyl] 
methionine for [4-(3-pyridylaminomethyl)-2-phenylbenzoyl)methionine. 
1 H (300 MHz.. DMSO d 6 ): 8 8.08. (d. 1H). 7.96, (d, 1H), 7.73, (d, 1H) 7.44, (m, 2H) 
7.19, (m, 3H) 7.11, (m, 2H) 7.03. (dd, 1H) 6.89, (m, 1H) 6.56, (t, 1H) 4.39, (d, 2H) 4.20. 
(ddd, 1H) 1.96 - 2.22, (m, 5H) 1.95. (s. 3H) 1.63 - 1.90. (m. 2H) MS (DCI, NH 3 ): 450 
(MH)+ 100%. anal, calc for C25H27N 3 O 3 S»0.62 H 2 0: C 65.17 H 6.18 N 9.12. Found: 
C 65.18 H 5.85 N 9.04. 




0 ^ 



SCH 3 

Examples 171 and 17? 
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Example 172 

f4-f3-py;mv[thiomethvl>-2WP-methvlDhenvn benzQvl mBthi ffn j n ft 
To a solution in DMF (2 mL) of 4-chloromethyl-2-(2-methyiphenyl)benzoic acid 
methyl ester (275 mg, 1.0 mmol) was added 3-pyridinethiol potassium salt (224 mg, 1 .5 
mmol). The reaction mixture was stirred for 30 minutes and then was poured into water. 
The mixture was extracted with ethyl acetate (3x). The combined organic extracts were 
washed with water and brine, dried, filtered and concentrated in vacuo. 
Chromatography on silica gel (40% ethyl acetate-hexanes) gave 4-(3-pyridylthiomethyl)- 
2-(2-methylphenyl)benzoic acid methyl ester which was converted to the title compound 
by saponification of the methyl ester, coupling with methionine methyl ester 
hydrochloride, and saponification as described in Examples 1691-J. 1 H NMR (300MHz 
DMSO-d 6 ) 5 12.53 (bs. 1H), 8.49 (d, 1H), 8.38 (dd. 1H), 8.1 1 (d, 1H), 7.79 (dt, 1H), 7.43 
(s, 2H). 7.31 (dd. 1H), 7.19 (m, 2H), 7.11 (m. 2H), 7.05 (m, 1H), 4.36 (s, 2H), 4.20 (m, 
1H), 1.92- 2.23 (m,8H), 1 .66 - 1 .90 (m, 2H). MS (CI. NH 3 ) m/e 467, 449. Analcalcd 
forC 2 5H26N203S 2 : C, 64.35; H, 5.62; N, 6.00. Found: C. 64.00; H ,5.62; N, 5.89. 



f4-(3-PYri«YlthiomftthVl)-?-f2-methvlPhenvhbenzovl methi onine Dhenvlsulfnnimirip 
The desired compound was prepared by coupling of 4-(3-pyridylthiomethyl)-2-(2- 
methylpheny1)benzoic acid with methionine phenylsulfonimide hydrochloride using the 
procedure used in step C of the preparation of compound 8. 1 H NMR (300MHz. CDCI 3 ) 
5 8.50 (m, 2H), 8.02 (m, 2H), 7.93 (t, 1 H), 7.62 (m, 2H), 7.51 (m, 2H), 7.1 7 - 7.42 (m. 
5H), 7.09 (m, 2H), 5.71 (d, 1H), 4.40 (m, 1H). 4.13 (s. 2H), 1.86 - 2.13 (m, 8H). 1.71 (m. 
1H), 1.25 (m. 1H). MS (CI, NH 3 ) m/e 606, 225. Anal calcd forC 3 iH 31 N304S3 1.53 
TFA: C, 52.43; H, 4.20; N, 5.39. Found; C, 52.42; H. 4.14; N. 5.43. 




Example 173 
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Example 174 

f4-(3-Dvridvloxvmethvn-2-phenvlbeny OV |1methiQnin e N-dimethylvinvlene carhnna^ 

amide 

Example 174A 
1 -bromomethvl-2-methyh/inylene carbonate 
A mixture of dimethylvinylene carbonate (1 1.4 g, 100 mmol). N-bromosuccinimide 
(17.8 g, 100 mmol) and 2,2 , -a20bisisobutyronitrile (250 mg) in carbon tetrachloride (400 
mL) was stirred at reflux for 4 hours. Aqueous workup followed by vacuum distillation 
(110-1 12 °C, 3.5 mm Hg) gave the desired compound (9.26 g, 48%). 

Example 174B 

f4-(3-Pvridvloxvmethvn-2-Dhenvlbenzovl)methi onine N-dimethvlvinvlene carbonate 

amide 

To a solution in DMF (1 mL) of [4-(3-pyridyloxymethyl)-2- 
phenylbenzoyljmethionine (132 mg, 0.30 mmol) was added cesium chloride (55 mg, 0.17 
mmol). After stirring for 1 5 minutes, a solution of the product of Example 1 74A (64 mg, 
0.33 mmol) in DMF (0.2 mL) and the reaction mixture was stirred for 2 hours. The 
reaction mixture was poured into water and extracted with ethyl acetate (3x). The 
combined organic layers were washed with water and brine, dried, filtered and 
concentrate. Chromatography on silica gel (80% ethyl acetate-hexanes) gave the title 
compound (128 mg, 78%). 1 H NMR (300MHz, CDCI3) 5 8.41 (bs. 1 H), 8.18 (bs, 1 H), 
7.75 (d, 1H), 7.50 (dd. 1H), 7.44 (m. 5H), 7.30 (m, 2H), 5.89 (d, 1H). 5.20 (s. 2H). 4.83 (s. 
2H), 4.64 (ddd, 1H), 2.07 (s. 3H). 1.86 (m, 9H), 1.73 (m, 1H). MS (CI, NH 3 ) m/e 549. 
226. 



WO 97/17070 



PCMJS96/17092 



208 



/— N 

HN 



,C0 2 H 



SCH 3 

Example 175 

(4-f2-f 1 H-imidazoM-vnethvn.2.ph e nvih fl n7 ny» me thtnnin ft 

Example 17SA 
Diethyl (2-phenvM-carboxvmethyth flnzvnDhosphnn^t ft 
A slurry in THF of diethylphosphite (1.75 g, 12.7 mmol) and sodium hydride (60% 
in mineral oil, 305 mg, 12.7 mmol) was stirred for 1.5 hours and then 4-chloromethyl-2- 
phenylbenzoic acid methyl ester was added and the reaction mixture was stirred for 18 
hours at ambient temperature and 1 8 hours at reflux. The reaction mixture was 
concentrated in vacuo and the residue was partitioned between ethyl acetate and brine. 
The organic phase was dried over magnesium sulfate, filtered and concentrated in 
vacuo to give a yellow oil. Chromatography on silica gel (1:1 ethyl acetate-hexanes) 
gave the desired compound (3.19 g, 77%) as a colorless oil. 

Example 175B 

4-f2-f 1H-1-tPPh8nvlmethvlimidazol-3-vnethenvn-2-phen v lben2oi c ariri methvl ester 
To a 0 °C slurry in THF (2 mL) of sodium hydride (60% in mineral oil, 61 .3 mg, 
1 .5 mmol) was added a solution of the product of Example 175A (402 mg, 1 .5 mmol) in 
THF (3 mL) and the mixture was stirred for 2 hours. A solution of 1H-1- 
triphenylmethylimidazole-4-carboxaldehyde (761 mg, 2.35 mmol) in THF (2 mL) was 
added and the reaction mixture was heated at reflux for 8 hours. The reaction mixture 
was cooled to ambient temperature and concentrated in vacuo. The residue was 
partitioned between ethyl acetate and brine. The organic phase was dried over 
magnesium sulfate, filtered and concentrated in vacuo to give a yellow oil. 
Chromatography on silica gel (1:1 ethyl acetate-hexanes) gave the desired compound 
(740 mg, 90%) as a white solid. 

Example 175C 

4-f2-(1H-1-triphftnvlmPthvlimidazol-3-vnethvl1-2-phenv lbenzoic arjri rnethvl estPr 
The desired compound was prepared by catalytic (10% Pd/C) hydrogenation of 
the product of Example 175B. 
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Example 17SD 

f 4-f 2-( 1 H- 1 •triDhenvlmethvlimidayo|.4.vnethvl| ^.Dhenvlbftn7o V nmethionine 
The desired compound was prepared by saponification of the product of Example 
1 75C using aqueous lithium hydroxide and methanol at reflux, followed by coupling to 
the acid with methionine ethyl ester hydrochloride using the procedure of step c in the 
preparation of compound 8, and saponification of the ethyl ester using aqueous lithium 
hydroxide in aqueous THF. 

Example 175E 
(4-f2-( 1 H-imida20l-4-vn ethvn.2-phenylbenzov»methionine 
A mixture of the product of Example 1 75D (15 mg, 0.02 mmol), trifluoroacetic acid 
(26 mg, 0.23 mmol) and triethylsilane (27 mg. 0.23 mmol) in dichloromethane (1 mL) 
was stirred for 18 hours. The reaction mixture was concentrated in vacuo and the 
residue was partitioned between water and 1:1 ethyl acetate-hexanes. The aqueous 
phase was freeze-dried to give the title compound as the trifluoroacetate salt. 1 H NMR 
(300 MHz, DMSO-d6) 8 1.9 (m, 3H), 2.0 (s, 3H), 2.3 (m. 2H), 4.1 (m, 1H), 4.2-4.4 (m, 
4H), 7.3-7.5 (m. 8H), 7.7 (brd, 1H), 8.5 (d, 1H), 9.0 (s, 1H), 12 (brs. 1H). MS (DCl, 
NH3) m/e 424 (M+H)^. 




Example 17fi 

(4-f2-( 1 H-imidazol»4-vl)ethvl1-2.phenyihfln M viy m ethiomne 
The desired compound was prepared according to the method of Examples 
175A, B, D and E. 1 H NMR (300 MHz, DMSO-d6) 8 1.9 (m, 3H), 2.0 (s, 3H), 2.3 (m, 
2H), 4.6 (m, 1H), 5.8 (d, 1H), 6.1 (d, 1H), 7.3-7.5 (m, 8H), 7.7 (brd, 1H), 8.5 (d, 1H). 9.0 
(s, 1H), 12 (brs. 1H). MS (DCl. NH 3 ) m/e 390 (M+H)+. 
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SCH 3 

Exampla 177 



f4-(1H-imidazQl-4-vlmethvtthiomethvn-2-r2-methvlph Qnvl^fln7 9Y ) )rp^hionin 0 
The desired compound was prepared according to the method of Example 105. 
except substituting 4-bromomethyl-2-(2-methylphenyl)benzoic acid methyl ester for 4- 
bromomethyl-2-phenylbenzoic acid methyl ester. NMR (300 MHz. DMSO-d6) 8 1.8 
(m. 3H). 2.0 (s. 3H). 2.5 (m. 2H). 3.8 (s. 2H). 3.9 (s. 2H). 4.3 (m, 1H). 7.3 (m. 8H). 7.5 (br 
d. 1 H), 8.5 (d. 1 H). 8.9 (br s. 1 H). 2 (br s. 1 H). MS (DCI. NH3) m/e 456 (M+H)+. 




SCH 3 

Example 17fl 

f4-(1H-1-methvlimida70l4-vicarbonvlaminomethvl)- 2-phenvlbenzovnmethi Q ninP 

Example 178A 
4-azidomethvl-2-phenvlbenzoic acid methyl ester 
A mixture of 4-bromomethyl-2-phenylbenzoic acid methyl ester (1 .5 g. 4.9 mmol), 
sodium azide (1 .28 g, 19.7 mmol) and tetrabutylammonium iodide (1 .3 g, 4.9 mmol) in 
DMF (16 mL) was heated at 75 °C for 18 hours. The reaction mixture was diluted with 
water and extracted twice with ethyl acetate. The combined organic extracts were dried 
over magnesium sulfate, filtered and concentrated in vacuo. Chromatography on silica 
gel (15% ethyl acetate-hexanes) to give the desired azide as a colorless oil (1 .01 g). 

Example 17RB 
f4-azidomemvl-2-Dhenvlben2oyl1 methionine methvl ester 
The desired compound was prepared by saponification of the product of Example 
178A using sodium hydroxide in refluxing aqueous methanol, followed by coupling of the 
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resulting acid with methionine methyl ester hydrochloride using the procedure of step C 
in the preparation of compound 8. 

Example 178C 
f4-aminomethvl-2-Dhenvlben2ovl1mfl thionine mathyi q ft f» r 
A solution of the product of Example 178B (1 .00 g, 2.5 mmol) and 
triphenylphosphine (0.98 g, 3.75 mmol) in THF (10 mL) was heated at reflux for 4 hours. 
The reaction mixture was cooled to ambient temperature, water (0.45 mL) was added, 
and the reaction mixture was stirred for 18 hours. The reaction mixture was 
concentrated in vacuo and the residue was partitioned between water and ethyl acetate. 
The organic phase was washed with brine, dried over sodium sulfate, filtered and 
concentrated in vacuo. Chromatography on silica gel (25% ethyl acetate-hexane. then 
1% ammonia-ethyl acetate) gave the desired compound as a colorless oil (900 mg 
97%). 

Example 1780 

f4-(1H-1'methvlimir<azol4-vlcaroonvlaminommhy n-2-phenvlbenzovl1methinni n p 
The desired compound was prepared by coupling of the product of Example 178C 
with 1H-1-methylimidazole-4-carboxylic acid using the procedure used in step C of the 
preparation of compound 8, followed by saponification of the methyl ester using sodium 
hydroxide in aqueous THF. 1 H NMR (300 MHz, DMSO-d6) 6 1 .8 (m, 3H), 2.1 (s, 3H), 
2.5 (m, 2H), 3.6 (m, 1H), 3.8 (m, 3H), 4.8 (m, 1H), 4.9 (d, 2H), 7.3 (m, 8H), 7.4 (d, 1H), 
8.3 (d. 1H), 12.0 (brs, 1H). MS (DCI, NH 3 ) m/e 467 (M+H)+. 




SCH 3 

Example 17Q 

f4-(1H-imida20l'4-vlmethvlOXVmethvn.g.ph ft nylh q nzovl)m ft thinni n < > 

The desired compound was prepared according to the method of Examples 105C- 
F, except substituting 1H.1-triphenylmethylimidazol-4-ylmethanol sodium salt for 1H-1- 
triphenylmethylimidazol-4-ylmethylthiol sodium salt, and 4-chloromethyl-2-phenylbenzoic 
acid methyl ester for 4-bromomethyl-2-phenylbenzoic acid methyl ester. 1 H NMR (300 
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MHz. DMSO-d6) 6 1.6 (m. 3H). 2.1 (s, 3H), 2.4 (m, 2H), 3.6 (s, 2H), 3.7 (s, 2H), 4.3 (m. 
1H). 7.2 (m, 8H). 7.5 (brd. 1H). 8.5 (d. 1H), 8.9 (brs, 1H), 12 (brs, 1H). MS (DCI. NH 3 ) 
m/e 440 (M+H) + . 



C0 2 H 

0 N 

SCH2CH3 

Example 1ftO 
2-/V-f4.(3-Pvridvloxv)-2-nhenvlb e n7ovl1 ft thinnina 
The desired compound was prepared according to the method of Example 98, 
except subsisting ethionine methyl ester hydrochloride for methionine methyl ester 
hydrochloride. 





Example 335 

(4-f2-( 1 H-imidazol-4-vnethenvl1-2.f2-mfit hvlphenvnm8thioninP 
The desired compound was prepared according to the method of Example 176, 
except substituting 4-chloromethyl-2-(2-methylphenyl)benzoic acid methyl ester for 4- 
chloromethyl-2-phenylbenzoic acid methyl ester. 1H NMR (300 MHz, DMSO-d6) 8 1 .90 
(s, 3H), 2.10-2.20 (m, 8H), 4.20 (m. 2H), 7.10-7.40 (m, 7H), 7.50 (m. 2H), 7.70 (d. 1H), 
8.20 (brd, 1H). 8.80 (d, 1H). MS (DCI-NH3) 436 (M+H)-. 
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Example 182 

2-W4-f2-(1H-imtdazpH-vl^^ 

acid 

Example 182A 

2-/V-terr-butQXVcarbonvlamino-4-hvdrnyv butanoic acid benzyl estar 
To a 0 °C solution in THF (103 mL) of N-tert-butoxycarbonylaspartic acid 1 -benzyl 
ester (10.0 g, 30.9 mmol) was added borane-THF (1 M in THF, 61.8 mL, 61.8 mmol) over 
10 minutes. The cold bath was then removed and the reaction mixture was stirred for 3 
hours. The reaction mixture was cooled to 0 °C and quenched with brine. The layers 
were separated and the aqueous phase was extracted with ethyl acetate. The combined 
organic layers were washed with brine, dried over magnesium sulfate, filtered, and 
concentrated in vacuo. Chromatography on silica gel (15% ethyl acetate-hexanes) gave 
the desired compound as a colorless oil (4.11 g, 43%). 

Example 182B 

2'/V-ferf-bUtOxvcarhonvlamino-4-methanesulfpnvlo xvbutanoic acid benTyl gstgr 
To a 0 °C solution in dichloromethane (151 mL) of the product of Example 182A 
(14.68 g, 45.4 mmol) was added triethylamine (9.19 g, 90.8 mmol) and methanesulfonyl 
chloride (5.72 g, 50 mmol) and the reaction mixture was stirred for 2 hours. The reaction 
mixture was concentrated in vacuo and the residue was partitioned between ethyl 
acetate and brine. The organic phase was dried over magnesium sulfate, filtered and 
concentrated in vacuo. Chromatography on silica gel (25% ethyl acetate-hexanes) gave 
the desired compound (15.99 g, 91%). 

Example 182C 

2-/V-ferr-bUtQXVCarhonvlamino-4-ahiobutvhbutanoic acid benyyl AQ t A r 
To a suspension in THF (6 mL) of sodium hydride (60% in mineral oil, 568 mg. 
14.2 mmol) was added butanethiol (1 .23 g, 14.2 mmol) and the mixture was stirred for 
0.5 hours. A solution of the product of Example 1 82B (1 .83 g, 4.73 mmol) in THF (1 5.7 
mL) was added and the reaction mixture was stirred for 3 hours. The reaction mixture 
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was cooled to 0 °C, quenched with water and extracted with ethyl acetate. The organi 
phase was dried over magnesium sulfate, filtered and concentrated in vacuo. 
Chromatography on silica gel (5% ethyl acetate-hexanes) gave the desired compound 
1.74 g, 97%). 



2-amino-4-(thiobutvnbutanoic acid m«th Y | ester hydrochloric 
To a solution in methanol (5 mL) of the product of Example 182C (1 .00 g. 2.62 
mmol) was added aqueous 1M lithium hydroxide (13.1 mL) and the reaction mixture was 
stirred for 4 hours. The methanol was evaporated and the aqueous residue was 
extracted with ethyl acetate. The organic extract was discarded and the aqueous ohase 
was adjusted to pH 2 with aqueous 1N HCI and extracted with ethyl acetate. The ethyl 
acetate extract was dried over magnesium sulfate, filtered and concentrated in vacuo to 
give a colorless oil. The oil was dissolved in methanol (25 mL) and thionyl chloride (1 .56 
g, 13.1 mmol) was added. The reaction mixture was stirred at reflux for 4 hours, cooled 
to ambient temperature and concentrated to a colorless oil which was used without 
further purification. 

Example 183 

2-AH4-f2-MH-imidazol-4-vl)ethvn-2^ 

acid 

The desired compound was prepared from the product of Example 182D and 4-[2- 
(1 H-imidazol-4-yi)ethyl]-2-(2-methylphenyl)benzoic acid methyl ester accoring to the 
method of Example 175D and E. 1 H NMR (300 MHz, DMSO-d6) 8 1 .2 (m, 4H), 1 .4-1 .6 
(m. 5H), 1.8-2.1 (m, 5H), 3.2 (s, 3H), 3.5 (br s. 1H), 4.3 (m. 4H), 7.0-7.4 (m. 7H). 8.2 (brd. 
1 H), 8.9 (d, 1H), 12 (br s, 2H). MS (DCI-NH3) 480 (M+H)*. 



WO 97/17070 W W PCT/US96/17092 



215 




0 ^ 

SR 

Examples 184.1RQ 

The compounds of Examples 337-341 were prepared according to the method of 
Example 336, except substituting the desired thiol for butanethiol. 

Physical Data 
1 H NMR (300 MHz, DMSO-d6) 
MS (DCI-NH3) m/e 

1 H NMR 8 1 .1 (m, 3H), 1 .3-1 .6 (m, 4H). 1 .8-2. 1 (m. 
5H), 3.3 (s, 3H), 3.4 (brs, 1H), 4.3 (m. 4H). 7.0-7.4 
(m, 7H), 8.2 (brd, 1 H), 8.9 (d, 1 H), 12 (br s, 1 H). 
MS 466 (M+H)+. 

1 H NMR 5 1 .6 (m, 4H), 1 .9 (s, 4H), 2.2-2.4 (m, 1 H), 
3.0 (s. 3H), 4.2 (br m, 4H), 7.0-7.5 (m, 7H), 8.1 (brd, 
1 H), 8.9 (d, 1 H), 1 2.0 (br s, 2H). MS 438 (M+H)+. 

1 H NMR 8 1 .3 (m, 5H). 1 .4-1 .6 (m, 6H), 1 .8-2.2 (m, 
5H), 3.1 (s, 3H), 3.5 (brs, 1H). 4.2 (m, 4H). 7.0-7.4 
(m, 7H), 8.2 (brd, 1H), 8.9 (d, 1H), 12.0 (br s. 2H). 
MS 494 (M+H) + . 

isopropyl 1 H NMR 8 1.1 (d, 6H), 1.8 (m, 3H), 2.2-2.4 (m, 2H), 

2.8 (septet, 1H), 3.0 (s, 3H), 3.4 (br s. 1H), 4.2 (m. 
4H), 7.0-7.2 (m, 7H), 8.2 (brd, 1H), 8.9 (d. 1H). 12.0 
(brs.2H). MS466(M+H)*. 



Example fi 



184 propyl 



185 methyl 



186 pentyl 
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cyclopentyl 1 H NMR 8 1 . 1 (m. 9H). 1 .8 (m. 3H), 2.0-2.3 (m. 2H). 

3.0 (s, 3H), 3.4 (br s, 1H), 4.1 (m, 4H), 7.0-7.3 (m, 
7H), 8.2 (brd, 1H). 8.9 (d. 1H), 12 (br s. 2H). MS 
492 (M+H)+. 

cyclohexyl 1 H NMR 8 1.1 (m. 11 H), 1.7 (m, 3H), 1.9-2.4 (m. 

2H), 3.1 (s. 3H), 3.2 (brs, 1H). 4.1 (m, 4H), 7.0-7.4 
(m, 7H), 8.2 (brd, 1H), 8.8 (d, 1H), 12 (br s, 2H). 
MS 506 (M+H)+. 




Example 190 

K-(3-PVridy|QxymftthVlV5-(4^ mpthionino 

Example 190.A 

^•(3-PYn^Y|PXvmethVl)-5-(4-methvlDhenvh-2W2-methvlnh B nyh h en methionine ma|h y i 

ester 

To a solution of tetrakis(triphenylphosphine) palladium (0) (2 mg) in toluene (1 mL) 
was added a solution of 4-(3-pyridyloxymethyl)-5-iodo-2-(2-methylphenyl)benzoic acid 
methyl ester (100 mg, 0.22 mmol), prepared as in Example 169G, in toluene (3 mL). Trua 
mixture was stirred for 10 minutes, then a solution of 4-methylphenylboronic acid (33 mg, 
0.24 mmol) in ethanol (2 mL) and aqueous 2M sodium carbonate were added. The 
reaction mixture was stirred overnight at reflux and additional catalyst (20 mg), boronic 
acid (20 mg) and base (0.5 mL) were added and reflux was continued for 4 hours. The 
reaction mixture was cooled to ambient temperature, diluted with ether, washed with 
water and brine, dried over sodium carbonate, filtered and concentrated in vacuo. 
Chromatography on silica gel (30% ethyl acetate-hexanes) gave the desired compound 
(98 mg). 
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Example 19QB 

[4-(3-pyri(JYl 0X YmfiThvl)-f>-(4-m9thvlPhenv»-2.f2-m e thvmh fl n V nben7Q V l m e thin n ino 
The desired compound was prepared by saponification of the compound of 
Example 190A, followed by coupling with methionine methyl ester hydrochloride and 
saponification of the methyl ester as described above. NMR (300MHz. CDCI 3 .) 6 8 31 
(1H, d. J=9 Hz), 8.19 (1H, d. J=3 Hz), 7.90 (1H, d. J=4 Hz), 7.42 (1H, s), 7.40-7.20 
(10H. m), 6.07 (1H, d. J=9 Hz), 5.08 (2H, m), 4.62 (1H, m), 2.40 (3H, s), 2.25-2 10 (5H 
m), 2.02 (3H, s). 2.00-1.55 (2H. m). MS (DCI, NH 3 ) ra'c 541 (M+H)+. Anal calcd for 
C 3 2H32N 2 O 4 S 0.50 H 2 0: C, 69.92; H, 6.05; N. 5.10. Found: C, 69.94; H, 6.20; N, 4 90 



a * 




SCH 3 
Example 191 

f4-f3-pyrid7l9X7rpfithvn-S-phenvlmethvl-2-f2-m e th V lphpn V nben2ovl mpthinni n » 

Example 191 A 

f4-(3-PVndv|pxvmethvl^5-nhftnvlmethvl.9W9. m6 th v | D h ft n V hh ft n zovl methinnina Tftthy i 

ester 

To a solution in DMF (2 mL) of b/s(diphenylphosphinoferrocenyl)palladium(ll) 
chloride (30 mg) and cesium chloride (213 mg, 0.654 mmol) was added a solution of 4- 
(3-pyridyloxymethyl)-5-iodo-2-(2-methylphenyl)benzoic acid methyl ester (100 mg, 0.22 
mmol), prepared as in Example 169G, and 9-benzyl-9-borabicyclo[3.3.l]nonane (0.5 M in 
THF, 1 .31 mL, 10.6 mmol) and the reaction mixture was stirred at 70 °C for 3 hours. The 
reaction mixture was cooled to ambient temperature and partitioned between water and 
ethyl acetate. The organic phase was washed with water and brine, dried over sodium 
carbonate, filtered and concentrated in vacuo. Chromatography on silica gel (30% ethyl 
acetate-hexanes) gave the desired compound. 



Example 191R 

K-(3-pvrictYlQxvmethvn-5-methvlDhenvl.2.fP. m ethvlDh e nvl>henzovl mpthinnino 
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The desired compound was prepared by saponification of the compound of 
Example 191 A. followed by coupling with methionine methyl ester hydrochloride and 
saponification of the methyl ester as described above. 1 H NMR (300MHz. CDCI 3 ) 6 8.27 
(1H. d. J=3 Hz), 8.19 (1H, dd. J=6. 2 Hz), 7.88 (1H, s). 7.40-7.00 (12H. m). 6.00 (1H d 
J=9 Hz), 5.08 (1H. d, J= 12 Hz), 5.01 (1H, d, J=12 Hz), 4.62 (1H, m). 4.15 (2H. s). 2.20- 
2.05 (5H, m), 2.02 (3H, s), 1.92 (1H, m) 1.60 (1H, m). MS (DCI, NH 3 ) m/e 541 (M+H)+. 
Anal calcd for C32H32N2O4SO.25 H 2 0: C. 70.50; H ,6.01; N. 5.14. Found: C 70 23- H 
5.84; N 4.94. 




Cl SCH 3 
Example 19? 



f4.f3.pyridYlQXYrnethvl)-f?-(3,5-dichlorolDhenvl>-2-f2-methvl P h e n V hb e n 7 nyi m^fr .™^ 
The desired compound was prepared according to the method of Example 190, 
except substituting 3,5-dichlorophenylbomic acid for 4-methylphenylboronic acid. 1 H 
NMR (300MHz, CDCI3) 58.37 (1H, d, J=9 Hz), 8.21 (1H, d. J=3 Hz), 7.85 (1H, d, J=4 
Hz), 7.44 (1H, s), 7.40-7.20 (9H, m), 6.08 (1H, d, J=9 Hz), 5.03 (2H. s), 4.62 (1H. m). 
2.25-2.05 (5H, m), 2.02 (3H, s). 1.95 (1H, m) 1.64 (1H, m). MS (DCI, NH 3 ) m/e 595 
(M+H)+. Anal calcd for C31 H28CI2N2O4SO.2O H 2 0: C, 62.15; H. 4.78; N 4.68. Found 
C, 61.86; H, 4.38; N 4.38. 




SCH 3 

Example 193 

f4-(3-pvridvl0Xvmftthvn-5-f2-thienvh.P .(2-m e thvlnhenvnben7 Q vl mpthi^ n.no 
The desired compound was prepared according to the method of Example 190. 
except substituting 2-thienylboromc acid for 4-methylphenylboronic acid. 1 H NMR 
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(300MHz. CDCI 3 ) 8 8.38 (1H, d. J=3 Hz), 8.20 (1H, dd, J=3, 1 Hz). 8.03 (1H. s), 7.43 
(1H, s). 7.39 (1H. dd. J=6. 2 Hz). 7.38-7.20 (6H. m). 7.15 (1H. dd. J=3, 1 Hz). 7.08 (1H. 
m), 6.07 (1H. d. J= 9 Hz). 5.10 (2H. m), 4.61 (1H. m). 2.20-2.05 (5H. m). 2.02 (3H. s), 
1.93 (lH.m) 1.62 (1H.m). MS (DCI, NH3) m/e 533 (M+H)*. Analcalcdfor 
C29H28N2O4S2 0.25 H 2 0: C. 64.84; H, 5.35; N..4.21. Found: C. 64.55; H. 4.83; N. 4.85. 



■a 




sch 3 

Example ^Q4 



f4-(3-PVridYl0XYm9thvl)-5-iodo-2-f2-meth v lp henvhbenzovl methionine 
The desired compound was prepared by saponification of 4-(3-pyridyloxymethyl)- 
5-iodo-2-(2-methylphenyl)benzoic acid methyl ester, prepared as in Example 169G. 
followed by coupling with methionine methyl ester hydrochloride and saponification of the 
methyl ester as described above. ' H NMR (300MHz, DMSO-d6) 5 12.68 (1 H. bs). 8.45 
(1H, d. J=9 Hz). 8.37 (1H. d. J=3 Hz). 8.20 (1H. d. J=4 Hz). 7.93 (1H. s). 7.48 (1H. m). 
7.37 (2H. m). 7.30-7.00 (4H. m). 5.20 (2H. s). 4.22 (1H. m). 2.30-2.00 (5H. m). 1.96 (3H, 
s). 1 .80 (2H. m). MS m/e (DCI. NH 3 ) m/e 577 (M+H) + . Anal calcd for C25H25IN2O4S: C, 
51.85; H, 4.40; N, 4.84. Found: C. 51.91; H. 4.47; N. 4.69. 




Example ifls 

f4-(3-PYridVlpxYmethvn-2-DhftnvlDhenylamin o carbonvnmethinnine 
To a solution in toluene of 4-(3-pyridyloxymethyl)-2-phenylbenzoic acid (126 mg) 
was added diphenylphosphoryl azide (0.1 1 mL) and triethylamine (0.075 mL) and the 
reaction mixture was heated at 100 3 C for 20 minutes. A solution in dichloromethane of 
methionine methyl ester (prepared by addition of triethylamine to the dichloromethane 
solution) was added and the reaction mixture was stirred at 100 °C for 1 hour and then 
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overnight at ambient temperature. The precipitated product was isolated by filtration and 
rinsed with ethyl acetate. The filtrate was concentrated and purified by chromatography 
on silica gel (80% ethyl acetate-hexanes) to give the methyl ester (100 mg). 
Saponification of the methyl ester using saturated aqueous lithium hydroxide in methanol 
gave the title compound. 1 H NMR (DMSO, 300 MHz) 8 1.77 (1H, td, ^7.5. 14.7 Hz), 
1.95 (1H, tdd, J=5.7. 7.5, 14.7 Hz), 2.04 (3H, s), 2.45 (2H. t, J=7.5 Hz). 4.22 (1H. td.J= 
5.7, 7.5 Hz), 5.14 (2H, s), 6.98 (1H, d. J=8.1 Hz), 7.25 (1H, d, J=2.1 Hz), 7.29-7.53 (8H. 
m), 7.60 (1H, s). 7.92 (1H, d. J=8.7 Hz), 8.16 (1H, dd, J=0.9, 5.1 Hz), 8.35 (1H, d. J= 
2.7 Hz). MS (FAB/APCI) m/e 452 (M+H)* 450 (M-H)-. 486 (M-CI)-. Anal calcd for 
C24H25N3O4S 0.30 H 2 0: C. 63.08; H. 5.65; N, 9.20. Found: C. 63.1 1; H, 5.42; N, 8.67. 



All reactions were performed either in a Manual solid phase synthesis flask using 
a 120o rotary shaker or on an Advanced ChemTech Model 396 Multiple Peptide 
Synthesizer (Advanced ChemTech Inc.; Louisville, Kentucky) at ambient temperature. 
After the reactions were performed the finished compounds were cleaved from the resin. 
Usually, 80-90 mg of the dried resin containing the desired amide; urea; or secondary 
amine was treated with a 1 .50 mL solution of 95/5 (v:v) trifluoroacetic acid/water for 1 .5 
h at ambient temperature. The spent resin was removed by filtration and the resulting 
cleavage solution evaporated in-vacuo. In most cases, 5- 20 mg of crude compound 
was obtained. Compounds obtained had the desired MW as determined by electrospray 
mass spectroscopy and had an HPLC purity of 40-90%, or were further purified by 
partition chromatography to afford compounds of 40-60% HPLC purity. Two types of 
gradients were used for the reverse phase HPLC. For the amides and ureas a gradient 
starting with 100% water-0.1% Trifluoroacetic acid and finishing with 100% acetonitrile- 
0.1% Trifluoracetic acid during a 30 minute period was used. For the secondary amines 
a gradient beginning with 100% water-5mmol ammonium acetate and finishing with 80% 
acetonitrile-water-5mmol ammonium acetate during 25 minutes was used. 




SO2CH3 



Examples 196-POO 
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80 mg of resin (substitution 0.40 mmol/g) containing [4-amino-2- 
phenylbenoyl]methionine-Wang-polystyrene resin was shaken for 3 min. with 1 .0 mL. of 
N-methylpyrrolidoni (NMP). The solvent was drained and the resin was treated 2x (3 
min) with 1 mL. NMP. To the now swollen resin were then added 0.20 mL NMP; 0.20 

5 mL of a 1 .92 M diisopropylethylamine (DIEA)/NMP solution (15 eq.); 1 .00 mL of a 0.180 
mM/NMP solution of the desired carboxylic acid ( 5 eq.); and finally 0.20 mL of a 0.90 M 
Bromo-tris-pyrrolidino-phosphonium hexafluorophosphate (PyBrop; 5 equiv.)1/NMP 
solution. The reaction slurry was then mixed for 6 h and drained. The resin was then 
washed with NMP (3x; 1.0 mL; 3 min. ea); isopropanol (IPA; 5x; 1.0 mL; 3 min. ea.); 

io NMP (3x; 1 .0 mL; 3 min. ea.); methanol (MEOH; 2x; 1 .0 ml; 3 min. ea.); and finally 
diethyl ether (2x; 1 .0 mL; 3 min. ea.). The resin was then dried and subjected to 
cleavage conditions described above. 



Example 
196 



199 



200 




O 



WO 97/17070 



PCT/US96/I7092 



222 




Example 201 

90 mg of resin (substitution 0.39 mmol/g.) containing [4-amino-2- 
phenylbenzoyl]methionine-Wang-polystyrene resin was shaken with 1 .0 mL. 
dimethylformamide (DMF) for 3 min. The solvent was drained and the resin was then 
warhed with DMF (3x; 1 .0 mL; 3 min. ea.); tetrahydrofuran (THF; 4x; 1.0 mL; 3 min. 
ea.); THF/dichloromethane (DCM) 1 :1 (v:v) (4x; 1 .0 mL; 3 min. ea.). The resin was then 
treated with 0.20 mL of DCM/THF (1 :1) and a 1 .0 mL solution of 0.50 M p- 
Nitrophenylchloroformate/0.50 M DIEA in a 1:1 solvent mixture of DCM/THF. The resin 
suspension was then shaken for 15 min. and to the suspension was then added .020 mL 
of neat DIEA. After shaking for an additional 15 min.; the solvents were drained away 
and the resin was then washed with DCM/THF (1:1) (4x; 1.0 mL; 3 min. ea.) The resin 
was then treated with 0.20 mL of DMF and 1 .0 mL of a DMF solution containing 0.50 M 
of the desired primary or secondary amine and 0.50 M of DIEA. The suspension was 
shaken for 30 min. The solvent was drained off and the resin was then washed with 
DMF (4x; 1 .0 mL; 3 min. ea); THF (4x; 1 .0 mL; 3 min. ea.); DCM/THF (4x; 1 .0 mL; 3 min. 
ea); diethyl ether (4x; 1 .0 mL; 3 min. ea.). The resin was then dried and subjected to 
cleavage from the resin as described above to give the desired compound. MS m/e 465 
(M+H)+. 




Examples 90>pQfi 

Typically 80 mg of resin (substitution of 0.40 mmol/g) containing 4-formyl-2- 
phenylbenzamide-L-Methionine-Wang-polystyrene resin was swollen with 1 .0 mL of 
dimethyl acetamide (DMA) for 3 min. The solvent was drained and the resin was then 
washed with additional DMA ( 2x; 1 .0 mL; 3 min. ea.). The resin was then suspended i 
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0.20 mL of DMA and to the suspension was then added al.OmL solution containing 
0.48 mM of the desired primary amine (10 eq.) in a 3:1 (v:v) solution of DMA/acetic acid. 
The resin was shaken for 2 h and was then treated with 0.25 mL of a 2.4 mM solution of 
sodium cyanoborohydride (10 eq.) in DMA. The resin-slurry was shaken for an 
additional 2 h. The solvents were drained and the resin was then washed with DMA ( 
6x; 1 .0 mL; 3 min. ea.); DMF ( 6x; 1 .0 mL; 3 min. ea.); IPA (6x; 1 .0 mL; 3 min. ea.); DMF 
( 6x; 1 .0 mL; 3 min. ea.V MEOH ( 6x; 1.0 mL; 3 min. ea.); diethyl ether (6x; 1 .0 mL; 3 
min. ea.). The resin was dried and then subjected to cleavage as described above. 




Examples 207-999 

The following compounds were prepared using the materials and methods 
described above. 



Example 

209 



II I H 

.N C0 2 H 



SCH 3 
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° s 

SCH 3 

Example 907 A 

4-fNW1-H-2-Phenvlimida2Qle.4.vl^methylamin(>g.phe n vlbenzovnmethionine methyl 

ester . 

1-p-toluenesulfonylimidazole-4-carboxaldehyde (0.05 g, 0.3 mmol) and N-(4-amino-2- 
phenylbenzoyl)-methionine methyl ester hydrochloride (0.057 g, 0.08 mmol) were 
dissolved in 10 mL of 95% methanol and 5% acetic acid and stirred for 10 mins. before 
adding 2 equivalents of sodium cyanoborohydride (0.034 g, 0.54 mmol) The reaction 
was stirred for 1/2 hour and an additional amount of carboxaldehyde (0.10 g, 0.58 
mmol), 2 equivalents sodium cyanoborohydride (0.073 g, 1 .2 mmol) and amine 
hydrochloride salt (0.172 g, 0.44 mmol) were added. The reaction was stirred at room 
temperature for 1 h. The reaction mixture was concentrated and the residue taken up in 
ethyl acetate and washed with a saturated solution of sodium bicarbonate. The organic 
phase was dried over magnesium sulfate and concentrated The residue was purified 
twice by flash chromatography (19:1 chloroform/methanol) to give the ester as a white 
foam (0.22 g, 74%).: 1H NMR (300 MHz, CDCI 3 ) 5 7.64 (d. J=6.78 Hz. 2H), 7.43 (d. 
J=8.43 Hz, 1H), 7.24-7.32 (m. 8H). 6.83 (s. 1H), 6.46 (d. J=8.43 Hz. 1H), 6.39 (d, J=1.7 
Hz, 1H), 5.91 (d, J=7.59 Hz, 1H), 4.74 (s, J=broad Hz, 1H), 4.59 (dd, J=7.5. 5.76 Hz. 
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1H). 4.22 (s. 2H). 3.59 (s. 3H), 2.08 (t, J=6.93 Hz, 2H). 1.97 (s. 3H), 1.80-1.89 (m, 1H) 
1.58-1.73 (m, 1H). 

Example 2Q7B 

4-fN-(1-H-2-Phftnvlimidazole-4-vhmethvlamino-g- phenvlb6n7Qyl| mpthinnmo 

The above protected sulfonamide (0.1 g, 0.19 mmol) was dissolved in 2 ml_s. of 
THF and cooled to 0°C. Lithium hydroxide (2 mLs. 0.5M) was slowly added to the 
reaction mixture and stirred for 3 h. The pH was adjusted using 0.5 M HCI and a white 
precipitate was collected by vacuum filtration and purified twice by reverse phase 
preparative HPLC (Waters 25X10 cm, C-18 column, 220 nrr. UV detector, flow rate 15 
mLs/min, linear gradient from 5% acetonitrile and 95% water containing 0.1% TFA to 
60% acetonitrile in 40 minutes). Fractions containing pure compound were combined 
and lyophilized to yield the title compound (0.021 g, 18%) as a TFA salt. : 1 H NMR (300 
MHz, methanol-d4) 5 8.04 (d, J=7.8 Hz, 1H), 7.79 (dd, J=7.3 Hz. 2H), 7.60-7.62 (m, 4H). 
7.27-7.30 (m, 6H), 6.69 (dd, J=8.4 Hz, 1H), 6.63 (d, J=2.1, 1H) 4.42 (s, 2H), 4.19-4.26 
(m, 1H). 2.14-2.32 (m, 2H), 1.98 (s. 3H), 1.75-1.87 (m, 2H). 




C0 2 H 
SCH 3 

a tm /c Example 2Q8A 

4-[N-f5-Methvl-1-p-toluenesulfonvlimidazole -4-yh-methylqmino-?-phepvlbenzoyl] 

methionine methyle^ftr 

1-p-toluenesulfonylimidazole-4-carboxaldehyde (0.2 g, 0.76 mmol) and N-(4- 

amino-2-phenylbenzoyl)-methionine methyl ester hydrochloride (0.224 g, 0.57 mmol) 

were dissolve in 5 mLs of 95% methanol and 5% acetic acid and stirred for 1 5 mins. 

before adding 2 equivalents of sodium cyanoborohydride (0.095 g, 1.5 mmol) The 

reaction was stirred for 1/2 hour and the addition of reagents added twice more without 

the addition of sodium cyanoborohydride the second time. The reaction was 

concentrated and the residue purified twice by flash chromatography first using (19:1 

chloroform/methanol) followed by 4:1 chloroform/acetonitrile to give 2 (0.74 g. 74%) as a 

white solid. : 1 H NMR (300 MHz. CDCI3) 5 8.09 (s, 1 H), 7.76 (d, J=8.37 Hz, 2H), 7.64 

(d. J=8.52 Hz, 2H), 7.43-7.24 (m. 8H), 6.60 (dd, J=8.43, 2.16 Hz, 1H), 6.46 (d. J=2.16 

Hz, 1H), 5.79 (d, J=7.68 Hz. 1H). 4.61 (dd. J=6.2. 6.21 Hz, 1H), 4.10 (s, 2H), 3.63 (s. 

3H), 2.44 (s. 3H). 2.25 (s. 3H), 2.09 (t, J=7.38 Hz, 2H), 193-1.83 (m, 1H), 1.71-1.59 (m. 



WO 97/17070 



PCT/US96/17092 



226 

1H); 13C NMR (75 MHz. CDCI3) d 172.2. 168.7. 149.5, 146.5. 141.7, 141.3, 137.4, 
136.9, 134.8. 131.3. 130.6. 128.9. 128.7. 127.9. 127.7, 124.0. 114.3, 111.8. 52.5, 51.9. 
40.2, 31.8. 29.6. 21.9. 15.4, 9.5. 

Example 208B 

4-fN-f5-Methvl-1-H-imida20le^-vl^methviami no-2-Dhenylhenzovnmethic>nin ? 

The above protected sulfonamide 2 (0.5 g, 0.8 mmol) was dissolved into 8 mLs. 
of THF and cooled to OoC. Lithium hydroxide (8 mL. 0.5M) was slowly added to the 
reaction mixture and stirred for 4 h. Excess THF was removed under vacuum and the 
pH was adjusted using HCI and the aqueous phase extracted with ethyl acetate. The 
organic layer was washed with a saturated solution of sodium bicarbonate, dried over 
magnesium sulfate and concentrated to an oil. The residue was purified by reverse 
phase preparative HPLC (Waters 25X10 cm, C-18 column. 220 nm UV detector, flow 
rate 1 5 mLs/min, linear gradient from 5% acetonitrile and 95% water containing 0.1% 
TFA to 60% acetonitrile in 40 minutes). Fractions containing pure compound were 
combined and lyophilized to yield the title compound as a TFA salt. : *H NMR (300 
MHz. methanol-d4) 6 8.68 (s. 1H), 7.42 (d. J=8.34 Hz. 1H), 7.27-7.36 (m, 6H), 6.65 (dd. 
J=8.46. 1.7 Hz, 1H). 6.58 (d. J=2.3 Hz, 1H), 4.41-4.46 (m. 3H). 2.35 (s. 3H). 2.03-2.23 
(m. 2H). 2.00 (s. 3H), 1.74-1.99 (m, 2H). 




0 S 

SCH 3 

Example 21 QA 

4-fN-(1-TnDhenvlmethvlimidazole-4-vhmethvlamin o-2-f2-methvlPhenvnimethoinine 

methvl ester 

1-Triphenylmethylimidazole-4-carboxaldehyde (0.3 g, 0.7 mmol) and N-(4-amino- 
2-(2-methylphenylbenzoyl)-methionine methyl ester hydrochloride (0.25 g, 0.7 mmol) 
were dissolve in 10 mLs of 95% methanol and 5% acetic acid and stirred for 30 mins. 
before adding 1 equivalent of sodium cyanoborohydride (.044 g, 0.7 mmol) The reaction 
was stirred over a period of 3 hours while additional aldehyde was added until all of the 
amine hydrochloride had disappeared. The reaction mixture was concentrated and the 
residue taken up in ethyl acetate and washed with a saturated solution of sodium 
bicarbonate. The organic phase was dried over magnesium sulfate and concentrated 
The residue was purified by flash chromatography (1:1ethyl acetate/hexanes) to give the 
title compound as a white foam (0.36 g, 74%). : m NMR (300 MHz. CDCI3) 8 7.45 (s. 
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1H), 7.25-7.35 (m, 13H), 7.09-7.13 (m, 6H), 6.74 (s. 1H), 6.65 (dd. J=9.3. 1.5 Hz, 1H). 
6.34 (d, J=2.5 Hz, 1H). 5.69 (t. J=7.35 Hz. 1H), 4.56-4.61 (m. 1H), 4.27 (d, J=4.8 Hz. 
2H), 3.64 (s. 3H). 2.00-2.15 (m, 8H). 1.79-1.86 (m, 1H), 1.48-1.56 (m. 1H); 13C NMR (75 
MHz. CDCI3) d 172.4, 167.6. 167.2. 150.3. 142.4. 141.4. 141.2. 139.1. 138.2. 136.6. 
132.3. 132.0. 130.8. 130.6. 129.9. 129.2. 128.9, 128.3. 126.5, 126.4. 121.9. 121.4. 
119.3,114.2.112.0.75.6.52.4.51.7.41.8.32.0.29.6.20.1,15.4. 



4-fN-(1-H-imidazole-4-vnmethvlamin Q -p.(P.methvlnhi»n y hh enzovn)-mPthir ? nino 



The above protected peptidomimetic (0.15 g. 0.22 mmol) was dissolved into 3.5 
mLs. of THF and cooled to 0°C. Lithium hydroxide (18.1 mg dissolved in 3.5 mLs. of 
water) was slowly added to the reaction mixture and stirred for 1 h. The pH was 
adjusted using 1 N HCI and placed under vacuum to remove excess THF. The residue 
was taken up in ethyl acetate and dried over magnesium chloride and excess solvent 
removed under vacuum. The residue was taken up in 4 mL of methylene chloride and 
8 mL. of trifluoroacetic acid and the reaction mixture was immediately quenched with 
triethylsilane until colorless. The reaction was stirred for an addition 2 hrs and 
concentrated to an oil. The residue was taken up in methylene chloride and 3 N HCI 
added The solids were vacuum filtered collected and dried under vacuum to give 
desired product. (0.050 g, 50%) as a HCI salt.: 1H NMR (300 MHz, CD30D) 5 8.65 (s, 
1H), 7.58-7.66 (m. 1H). 7.49 (s, 1H), 7.11-7.25 (m. 4H), 6.80 (dd, J=8.6. 2.4 Hz. 1H). 
6.50 (d. J=1.9 Hz, 1H), 4.53 (s, 2H). 4.39-4.40 (m, 1H), 2.04-2.12 (m, 5H). 1.98 (s, 3H), 
1.81-1.90 (m. 1H), 1.46-1.64 (m. 1H). 



Example 21 OR 




methvlestar 



The above protected peptidomimetic from Example 386A (0.1 35g, 0.22 mmol) 
was dissolved into 4 mis. of methylene chloride and 8 mis. of trifluoroacetic acid and the 
reaction mixture was immediately quenched with triethylsilane until colorless. The 
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reaction was stirred for an addition 2 nr. and concentrated to an oil. The residue was 
taken up in methylene chloride and 3 N HCI added The solids were vacuum filtered 
collected and dried under vacuum to give desired product. (0.050 g, 50%) as a HCI salt 
1 H NMR (300 MHz, CD30D) 8 8.84 (s, 1H), 7.57-7.65 (m, 1H), 7.47 (s, 1H), 7.1 1-7.26 
(m, 4H), 6.73 (d, J=8.64 Hz. 1H), 6.43 (s, 1H), 4.50 (s, 2H), 4.39-4.46 (m. 1H). 3.64 (s 
3H), 2.04-2.12 (m,5H), 1.98 (S.3H), 1.84-1.94 (m, 1H), 1.57-1.62 (m, 1H). 




SCH 3 

Example 21 PA 

4-[N-( 1 -TriPhenvlmethvlimidazole-2-vnmethvlaminn-P. Dhenvlbenyo V l1 methoininp 
1-Triphenylmethylimidazole-2-carboxaldehyde (0.5 g, 1.5 mmol) and N-(4-amino-2-(2- 
methylphenylbenzoyl)methionine methyl ester hydrochloride salt (0.25 g, 0.7 mmol) 
were dissolve in 30 mLs of 95% methanol and 5% acetic acid and stirred for 30 mins. 
before adding 1 equivalent of sodium cyanoborohydride (.09 g, 1 .5 mmol) The reaction 
was stirred over a period of 3 hours while additional aldehyde was added until all of the 
amine hydrochloride had disappeared. The reaction mixture was concentrated and the 
residue taken up in ethyl acetate and washed with a saturated solution of sodium 
bicarbonate. The organic phase was dried over magnesium sulfate and concentrated 
The residue was purified by flash chromatography (19:1 chloroform/methanol) to give 
the title compound as a white foam (0.55 g, 55%). : i H NMR (300 MHz, CDCI3) 8 7.53 
(d, J=8.5 Hz, 1H), 7.23-7.43 (m, 15H), 7.13-7.16 (m, 6H), 7.03 (d, J=1.4 Hz. 1H). 6.87 
(d, J=1.1 Hz, 1H), 6.2 (dd, J=8.5, 2.2 Hz, 1H), 6.10 (d, J=2.2 Hz, 1H), 5.61 (d. J=7.7 Hz. 
1H), 5.05 (br.s, 1H,), 4.59 (dd. J=9.9, 4.7 Hz, 1H), 3.63 (s, 3H), 3.33 (br.s, 2H), 2.05 (t. 
J=7.7 Hz, 2H), 2.00 (s, 3H). 1.80-1.91 (m, 2H), 1.24-1.29 (m, 2H). 

Example 21 2B 

4-fN-(1-H-imidayole-2-vnmethvlamino.2.nhAn vibenzovl\.methio n | nf 
The above protected peptidomimetic (0.45 g, 0.66 mmol) was dissolved into 3.5 mLs. of 
THF and cooled to 0°C. Lithium hydroxide (18.1 mg dissolved in 3.5 mLs. of water) was 
slowly added to the reaction mixture and stirred for 2 h. The pH was adjusted using 1 N 
HCI and placed under vacuum to remove excess THF. The residue was taken up in 
ethyl acetate and dried over magnesium chloride and excess solvent removed under 
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vacuum. The residue was taken up in 4 mis. of methylene chloride and 8 mis. of 
trifluoroacetic acid and the reaction mixture was immediately quenched with 
triethylsilane until colorless. The reaction was stirred for an addition 2 hrs and 
concentrated to an oil. The residue was purified by reverse phase preparative HPLC 
(Waters 25X10 cm, C-1 8 column, 220 nm UV detector, flow rate 15 mLs/min. linear 
gradient from 5% acetonitrile and 95% water containing 0.1% TFA to 60% acetonitrile in 
40 minutes). Fractions containing pure compound were combined and lyophilized to 
yield the acid as a TFA salt. : 'H NMR (300 MHz, DMSO-d6) 8 8.1 1 (d, 1H), 7.60 (s, 
1H), 7.3-7.4 (m, 6H), 6.82 (br.s, 1H), 6.55-6.60 (m, 2H), 4.69 (s. 2H). 4.20-4.30 (m. 1H). 
2.10-2.30 (m, 2H), 2.07 (s, 3H), 1 .75-1 .86 (m, 2H). 




Example 21 a 

4-fN-(iimidazol-4.yhmethvlamino.2.phenylh enzovl1leucine 
To a solution of 2-phenyl-4-amino-benzoyl leucinemethyl ester hydrochloride (0.25 g, 
0.74 mmoles) in methanol was added tritylimidazole-4-carboxaldehyde (0.25 g, 0.74 
mmoles) followed by 1 mL of glacial acetic acid and the reaction stirred for 30 min. This 
was followed by the addition of NaCNBH 3 (0.046 g, 0.74 mmoles) and the reaction was 
stirred at room temperature for 2 h. The solvent was evaporated and the residue 
dissolved in ethyl acetate (-3 mL), and chromatographed on a silica gel column (1 .05" x 
23") to afford a white solid. (0.30 g, 61 %). 1 H NMR (300 MHz, CDCI3) 50.79 (dd. 6 H). 
1.10-1.35 (m, 3 H), 3.64 (s, 3 H), 4.28 (d, 2 H), 4.51 (m, 1 H), 4,66 (br s, 1 H), 5.45 (d, 1 
H), 6.49 (s, 1 H), 6.64 (dd, 1 H), 6.74 (s, 1 H), 7.12 (m, 6 H), 7.09-7.27 (m. 15 H), 7.48 
(s. 1 H), 7.69 (d, 1 H). 

The above compound (0.30 g, 0.45 mmoles) was dissolved in 15 mL of THF/H2O (3:2) 
and LiOH (0.035 g, 0.91 mmoles) was added. The reaction was stirred at room 
temperature for 2 h. The THF was evaporated and the residue dissolved in 1 5 mL 
water, and 1N HCI added to lower the pH to 2. The compound is then extracted with 
ethyl acetate (3 x 25 mL), dried and the solvents evaporated to afford the free carboxylic 
acid as a white solid. (0.25 g, 84 %). 
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The above compound (0.25 g. 0.38 mmoles) was dissolved in 10 mL dichloromethane 
and 3 mL trifluoroacetic acid followed by the addition of 1 .5 mL of triethylsilane and the 
reaction stirred at room temperature for 2 h. The solvents were evaporated and ether 
added followed by the addition of 6 N HCI in ether to precipitate the desired compound 
which was collected by rapid filtration. (0. 1 2 g, 77 %) 1 H NMR (300 MHz, DMSO-d 6 ) 6 
0.76 (dd, 6 H), 1.38 (m, 2 H), 1.55 (m. 1 H), 4.19 (m, 1 H), 4.42 (d. 2 H), 6.63 (s. 1 H), 
6.73 (d, 1 H), 7.31-7.36 (m. 6 H), 7.63 (s, 1 H). 8.23 (d, 1 H), 9.09 (s, 1 H). 




10 Example 214 

4-fN-(imidazol.4.yl)methvlamino -2-n-naDhthynben7oyl]le ^ ? in ? 
To a solution of 2-(1-naphthyl)-4-aminobenzoylleucinemethyl ester hydrochloride (0.59 
g, 1.5 mmoles) in methanol was added tritylimidazole-4-carboxaldehyde ( 0.61 g, 1.80 
mmoles) followed by 1 mL of glacial acetic acid and the reaction stirred for 30 min. This 

1 5 was followed by the addition of NaCNBH 3 (0.34 g, 5.4 mmoles) and the reaction was 
stirred at room temperature for 2 h. The solvent was evaporated and the residue 
dissolved in ethyl acetate (-3 mL), and chromatographed on a silica gel column (1 .05" x 
23") to afford a white solid. (0.72 g, 67 %). 1H NMR (300 MHz, CDCI 3 ) 60.13 (m, 0.8 H), 
0.44 (m. 5.2 H), 0.57 (m, 2 H), 0.93 (m, 1 H), 3.40 (s, 1 H), 3.57 (s. 2 H), 4.24 (m, 1 H), 

20 5.37-5.47 (dd, 1 H), 6.49 (s, 1 H), 7.08 (m, 2 H), 7.09-7.1 1 (m, 6 H), 7.30-7.32 (m. 1 1 H). 
7.49-7.57 (m, 5 H), 7.80 (m, 2 H), 8.08 (d, 1 H). 

The above compound (0.24 g, 0.34 mmoles) was dissolved in 10 mL of THF/H2O (2:1) 
and UOH (0.029 g, 0.68 mmoles) was added. The reaction was stirred at room 
temperature for 2 h. The THF was evaporated and the residue dissolved in 15 mL 
25 water, and 1 N HCI added to lower the pH to 2. The compound is then extracted with 
ethyl acetate (3 x 25 mL), dried and the solvents evaporated to afford the free carboxylic 
acid as a white solid. (0.20 g, 84 %). 

The above compound (0.20 g, 0.29 mmoes) was dissolved in 10 mL dichloromethane 
and 3 mL trifluoroacetic acid followed by the addition of 1 .5 mL of triethylsilane and the 
30 reaction stirred at room temperature for 2 h. The solvents were evaporated and ether 
added followed by the addition of 6 N HCI in ether to precipitate the desired compound. 
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which was collected by rapid filtration. (0.096 g, 74 %) 1 H NMR (300 MHz, DMSO-d 6 ) 
5 0.37 (m. 3 H), 0.65 (m. 3 H), 1 .08 (m, 2 H), 1 .25 (m, 1 H), 3.89 (m. 1 H). 4.37 (d. 2 H). 
6.53 (s, 1 H). 6.79 )m. 1 H), 7.01 (m, 1 H), 7.42-7.62 (m. 8 H). 7.86-7.94 (m, 2 H) 8 86 
(s. 1 H). 




Example 216 

5-fN-(4-Pvridinvl)methvlamino.2-Dhenvibft n2ovllieueinft 
To a solution of 2-phenyl-5-aminobenzoylleucine methyl ester hydrochloride (0.50 g, 
1.47 mmoles) in methanol was added pyridine-4-carboxaldehyde (0.164 g, 1.53 
mmoles). This was followed by the addition of 1-2 mL of glacial acetic acid, and 
NaCNBH3 (0.16 g, 2.56 mmoles) and the reaction was stirred at room temperature for 
30 min. The solvents were evaporated and the residue dissolved in 25 mL ethyl acetate 
and washed with saturated NaHC03 (30 mL). concentrated to 3 mL and 
chromatographed on a silica gel column (1 .05" x 23") using ethyl acetate:hexanes (4:1 ) 
to afford the protected compound as a yellowish solid. (0.40 g, 63 %). 1 H NMR (300 
MHz. CDCI 3 ) 8 0.76 (m, 6 H), 1.10-1.17 (m, 2 H), 1.27-1.32 (m. 1 H), 3.62 (s, 3 H), 
4.43-4.53 (overlapping m & s. 3 H), 5.60 (d, 1 H), 6.61-6.65 (dd. 1 H), 6.97 (d. 1 H), 7.13 
(d, 1 H), 7.25-7.35 (m, 8 H), 8.55 (m, 2 H). 

The above compound (0.22 g, 0.51 mmoles) was dissolved in 10 mL THF/H2O (2:1), 
cooled to 0 °C and LiOH (0.04 g, 1 .02 mmoles) added. The reaction was stirred at 0 ~C 
for 1 h, followed by stirring at room temperature for 2 h. The solvents were evaporated 
and the residue passed through a bed of silica gel and eluted with CH2Cl2:CH3<DH (9:1) 
to afford the desired compound as a white solid. (0.19 g, 90 %) 1 H NMR (300 MHz. 
DMSO-d 6 ) 5 0.79 (t. 6 H), 1.19 (m, 2 H), 1.42 (m, 1 H). 4.06 (m, 1 H), 4.36 (d, 2 H), 
6.53 (dd. 1 H), 6.81 (m, 2 H), 7.04 (d, 1H). 7.17-7.31 (m, 6 H). 7.59 (d. 1 H), 8.46 (d 2 
H). 
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5-fN-(3-DVridinv»methvlene(amino.2-nhft nvlben7ovl^leuRinfl 
To a solution of 2-phenyl-5-aminobenzoylleucine methy! ester hydrochloride (0.25 g, 
0.74 mmoles) in methanol was added pyridine-3-carboxaldehyde (0.08 g, 0.78 mmoles). 
Thir was followed by the addition of 1-2 mL of glacial acetic acid, and NaCNBH 3 (0.09 
g, 1 .28 mmoles) and the reaction was stirred at room temperature for 30 min. The 
solvents were evaporated and the residue dissolved in 25 mL ethyl acetate and washed 
with saturated NaHCOs (30 mL), concentrated to 3 mL and chromatographed on a silica 
gel column (1 .05" x 23") using ethyl acetate:hexanes (4:1) to afford as a yellowish solid. 
(0.14 g, 46 %). 1 H NMR (300 MHz, DMSO-d6) 8 0.74 (d, 3 H), 0.81 (d, 3 H), 1 .37 (m. 2 
H), 1 .54 (m, 1 H), 3.61 (s, 3 H), 4.21 (m. 1 H), 4.34 (d, 2 H), 6.68 (m, 3 H), 7.19 (m. 2 H). 
7.22-7.29 (m, 4 H), 7.38 (m, 1 H), 7.76 (d, 1 H), 8.46 (m, 2 H), 8.60 (s, 1 H). 
The above compound (0.14 g, 0.33 mmoles) was dissolved in 10 mL THF/H2O (2:1), 
cooled to 0 ~c and LiOH (0.03 g, 0.67 mmoles) added. The reaction was stirred at 0 *C 
fori h, followed by stirring at room temperature for 2h. The solvents were evaporated 
and the residue passed through a bed of silica gel and eluted with CHCl3:CH30H (9:1 ) 
to afford the desired compound as a white solid. (0.12 g, 86 %) 1 H NMR (300 MHz, 
DMSO-d 6 ) 5 0.79 (d, 6 H), 1.23 (m, 1 H), 1.34 (m, 1 H), 1.54 (m, 1 H), 3.84 (m, 1 H), 
4.33 (d. 2 H), 6.63 (d, 1 H), 6.75 (s. 2 H), 7.05 (m, 2 H), 7.18-7.35 (m, 6 H), 7.76 (d, 1 
H), 8.43 (, 1 H), 8.59 (s, 1 H). 




Example 218 

5-fN-(2-DvridinvnmethvlaminQ.2.phen y lbenzoymeucine 
To a solution of 2-phenyl-5-aminobenzoylleucine methyl ester hydrochloride (0.25 g. 
0.74 mmoles) in methanol was added pyridine-2-carboxaldehyde (0.08 g, 0.77 mmoles). 
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This was followed by the addition of 1 -2 mL of glacial acetic acid, and NaCNBH3 (0-09 
g, 1 .28 mmoles) and the reaction was stirred at room temperature for 30 min. The 
solvents were evaporated and the residue dissolved in 25 mL ethyl acetate and washed 
with saturated NaHC03 (30 mL), concentrated to 3 mL and chromatographed on a silica 
gel column (1.05" x 23") using ethyl acetaterhexanes (4:1) to afford the ester as a 
yellowish solid. (0.20 g, 63 %). *H NMR (300 MHz, DMSO-d6) 8 0.73 (d, 3H), 0.79 (d. 3 
H), 1.36 (m, 2 H), 1.52 (m, 1 H), 3.60 (s, 3 H), 4.21 (m, 1 H), 4.41 (d. 2 H), 6.65 (d, 2 H) 
6.76 (t, 1 H), 7.19 (d. 1 H), 7.22-7.28 (m, 6 H), 7.72 (d, 1 H), 7.81 (dd. 1 H), 8.53 (m 2 
H). 

The above compound (0.20 g, 0.46 mmoles) was dissolved in 10 mL THF/H2O (3:2), 
cooled to 0°C and LiOH (0.04 g, 0.93 mmoles) added. The reaction was stirred at 0°C 
for 1 h, followed by stirring at room temperature for 2 h. The solvents were evaporated 
and the residue passed through a bed of silica gel and eluted with CHCl3:CH30H (9:1) 
to afford the desired compound as a white solid. (0.19 g, 98 %) NMR (300 MHz 
DMSO-d 6 ) 8 0.79 (dd. 6 H), 1.27 (m, 2 H), 1.50 (m. 1 H). 3.89 (m, 1 H), 4.38 (d. 2 H), 
6.60 (m. 1 H), 6.69 (s. 1 H), 7.03 (d. 1 H). 7.17-7.36 (m. 7 H). 7.38 (d. 1 H), 7.73 (t 1 
H), 8.51 (d. 1 H). 




Example 290 

4-fN-f2-PVridinvnmethvlene(amino.2.M.nanhth V hbenzovhlleucinfl 
To a solution of 2-(1-naphthyl)-4-amino-benzoyl leucinemethylester hydrochloride (0.20 
g. 0.51 mmoles) in 15 mL methanol was added pyridine-2-carboxaldehyde (0.06 g, 0.51 
mmoles). This was followed by the addition of 1 -2 mL of glacial acetic acid, and 
NaCNBH3 (0.05 g, 0.77 mmoles) and the reaction was stirred at room temperature for 
30 min. The solvents were evaporated and the residue dissolved in 25 mL ethyl acetate 
and washed with saturated NaHC03 (30 mL), concentrated to 3 mL and 
chromatographed on a silica gel column (1 .05" x 23") using ethyl acetate:hexanes (4:1 ) 
to afford the ester as a yellowish solid. (0.1 5 g, 61 %). "> H NMR (300 MHz. CDCI3) 8 
0.13 (m. 0.B H). 0.48 (m. 5.2 H), 0.57-0.64 (m, 2 H), 0.96-1.1 (m. 1 H). 3.4 (s. 1 H). 3.61 
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(s. 2 H), 4.21 (m, 1 H). 4.50 (m, 2 H), 5.40 (m, 1 H), 5.48 (brt. 1 H), 6.57 (d, 1 H). 6.82 
(dd. 1 H). 7.23-7.52 (m, 7 H), 7.85 (m, 1 H), 7.92-8.04 (m, 3 H), 8.57 (d, 1 H). 
The above compound (0.15 g, 0.31 mmoles) was dissolved in 10 mL THF/H2O (2:1). 
cooled to 0°C and LiOH (0.03 g, 0.62 mmoles) added. The reaction was stirred at 0 °C 
for 1 h, followed by stirring at room temperature for 2 h. The solvents were evaporated 
and the residue passed through a bed of silica gel and eluted with CHCl3:CH30H (9:1) 
to afford the desired compound as a white solid. (0.13 g, 86 %) 1 H NMR (300 MHz. 
DMSO-d6) 5 0.45 (m. 7 H). 0.81 (m. 1 H), 1.08 (m. 1 H). 3.77 (m. 1 H), 4.39 (s. 2 H). 
6.22 (d. 1 H). 6.50 (m. 1 H). 6.72 (d. 1 H). 7.15 (brs. 1 H). 7.18-7.51 (m. 8 H). 7.81 (m, 1 
H), 7.88 (m, 2 H), 8.48 (m. 1 H). 



4-fN-d -H-imidazole-2-vnmethvlamino-2-Dhenvl benzovnieucine methvl ester 
This compound was synthesized starting from the ester described in the first part of 
Example 389. The ester (0.45 g, 0.68 mmoles) was dissolved in 10 mL 
dichloromethane and 3 mL TFA added, followed by the addition of 1 .5 mL triethylsilane. 
The colorless solution was stirred at room temperature for 2 h. following which the 
solvent was evaporated, the residue dissolved in ethyl acetate and washed with 
saturated NaHC03 (25 mL). The organic layer was dried and evaporated to afford the 
title compound as a white solid. (0.24 g, 84 %). 1h NMR (300 MHz, DMSO-d6) S 0.76 
(d. 3 H), 0.81 (d. 3 HO, 1.38 (m. 2 H). 1.52 (m, 1 H), 3.60 (s, 3 H), 4.19 (m. 1H), 4.42 (d. 
2 H). 6.61 (s, 1 H), 6.67 (dd. 1 H). 7.22-7.35 (m, 6H), 7.55 (s. 1 H). 8.18 (d. 1 H), 9.04 
(s. 1 H). 




O 
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Example 222 



4-fN-f1'H-imidazole-?-vnmethvlamino-2-M-naphthyr.h>4n zovnieucine methyl a^ar 
This compound was synthesized starting from the ester descrioed in the first part of 
Example 390. The ester (0.40 g, 0.56 mmoles) was dissolved in dichloromethane (10 
ml_) and 3 mL TFA was added, followed by the addition of 1 .5 mL triethylsilane. The 
colorless solution was stirred at room temperature for 2h, following which the solvent 
was evaporated, the residue dissolved in ethyl acetate and washed with saturated 
NaHC03 (25 mL). The organic layer was dried and evaporated to afford the title 
compound as a white solid. (0.21 g, 81 %). 1H NMR (300 MHz, DMSO-d6) 6 0.38-0.74 
(m, 6 H), 0.91 (m, 2 H), 1.11 (m, 1 H), 3.46 (s. 3 H), 3.94 (m, 1 H), 4.41 (d. 2 H), 6.55(s, 
1 H), 6.79 (m, 1 H), 7.34-7.57 (m, 8 H), 7.83-7.94 (m, 3 H), 9.05 (s, 1 H). 



Example 223 

f4-(3-pvridvloxvmethvn-2-phenvlbenzovl)methio nine4-methy|pipera?inf»fiulf9nim,ri o 

The desired compound was prepared according to the method of Example 115. except 

substituting 4-methylpiperazinesulfonamide for methylsulfonamide. 

1 H (DMSO-d6) 88.72 (d. 1H). 8.43 (d, 1H), 8.22 (dd, 1H). 7.60. 7.53. 7.47. 7.40 (all m. 

total 10H), 5.35 (s, 2H), 4.17 (m. 1H), 3.80, 3.40. 3.20 (all very broad peaks, total 8H), 

2.75 (s. 3H). 2.20 (m. 2H). 2.02 (s. 3H). 1.80 (m,2H). MS (ESI) 598 (M+H)+. Anal calcd 

for C29H35N5O5S2 • 2.35 TFA: C, 46.76; H. 4.35; N, 8.09. Found: C, 46.78; H, 4.20- N 
8.17. 
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Example 224 

[4-(3-pyridvlQXvmethvn-2-Phenvlbenzovnmct hionine 4-thiomoroholinesulfnnimirio 

5 

The desired compound was prepared according to the method of Example 115, except 
substituting 4-thiomorpholinesulfonamide for methylsulfonamide. 
'H (DMSO-de) 5 8.60 (br d 1H), 8.39 (d, 1H), 8.18 (d, 1H), 7.50 (m. 4H), 7.36 (m, 6H) 
5.29 (s, 2H), 4.22 (m, 1H), 3.44 (m, 4H), 2.64 (m, 4H), 2.18 (m, 2N), 2.00 (s, 3H), 1 79* 
10 (m, 2H). MS (APCI) 601 (M+H)+. Anal calcd for C28H32N4O5S3 : C. 55.98; H 5 37- N 
9.33. Found: C, 55.85; H, 5.37; N, 9.47. ' ' ' 



5 
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Table 3. Bromides of the type B-Br 



,C0 2 Me 
O \ ^SMe 




I H 

N^C0 2 Me 



Br ^ -s^ C0 2 Me 
2 O V^SMe 



Br. 




H 

N^CO^e 
V SMe 





SMe 




10 O V ^SO,Me 11 o 



<=^J^N^C0 2 Me 




SO ? Me 




^N^COjMe 



Br. 




19 6 



S0 2 Me 



N^COjMe 



SMe 



Br 




N C0 2 Me 



k SMe 



22 S * N 



O V^SOjMe 



II H 

,N^C0 2 Me 

O \^S0 2 Me 




N^C0 2 Me 




S0 2 Me 



" N. COjWe 



20o V 



Br 




23 



N^CO^e 



SMe 




SO ? Me 




S0 2 Me 



21 O 



OMe 



SMe 




SMe 
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WHAT IS CLAIMFD IS 

1 A compound having the formula 




or a pharmaceutical^ acceptable salt thereof wherein 

R 1 is selected from the group consisting of 

(a) hydrogen, 

(b) loweralkyl, 

(c) alkenyl, 

(d) alkoxy. 

(e) thioalkoxy, 
(0 halo, 

(g) haloaikyl, 

(h) aryl - L 2 - wherein L 2 is absent or is selected from the group consisting of 

-CH 2 -, 

-CH(CH 3 )-, 
-0-. 

-S(0) q wherein q is 0, 1 or 2, 

-N(R)- wherein R is hydrogen or loweralkyl, and 

-C(0)- 

and aryl is selected from the group consisting of 
phenyl, 
naphthyl, 

tetrahydronaphthyl, 
indanyl and 

indenyl and the aryl group is unsubstituted or substituted, and 
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(i) heterocyclic - L 3 - wherein L 3 is absent or is selected from the group 
consisting of 
-CH 2 - ( 
-CH 2 CH 2 - ( 
-CH(CH 3 )- ( 

-0-. 

-S(0) p wherein q is 0, 1 or 2, 

-N(R)- wherein R is hydrogen or loweralkyl, and 
-C<0)-, 

and heterocyclic is a monocyclic heterocyclic wherein the heterocyclic i: 
unsubstituted or substituted with one, two or three substituents 
independently selected from the group consisting of 
loweralkyl, 
hydroxy, 
hydroxyalkyl, 
halo, 
nitro, 
oxo (=0), 
amino, 

N-protected amino, 
alkoxy, 

thioalkoxy and 
haloalkyl; 

R 2 is selected from the group consisting of 



R i2a is hydrogen, loweralkyl or -C(0)OR 13 wherein R 13 is hydrogen or a 

carboxy-protecting group, and 
R i2b is hydrogen or loweralkyl, with the proviso that R 12a and R 12b are not 

both hydrogen, 



(a) 




wherein 
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(c) 
(d) 

(e) 
(0 

(g) 



•C(0)NH.CH(R 14 )-C(0)OR 15 wherein R 14 is selected from 
loweralkyl, 
cycloalkyl, 
cycloalkylalkyl, 
alkoxyalkyl, 
thioalkoxyalkyl, 
hydroxyalkyl, 
aminoalkyl, 
carboxyalkyl, 
alkoxycarbonylalkyl, 
arylalkyt or 
alkylsulfonylalkyl and 

R 15 is hydrogen or a carboxy-protecting group, 



•C(0)NH-CH(R 14 ).C(0)NHS0 2 Ri 6 wherein R 14 is defined above and R 16 
is selected from lower alkyl, 
haloalkyl, 

substituted or unsubstituted aryl, 
substituted or unsubstituted heterocyclic, 

-C(0)NH-CH(Ri 4 )-tetrazolyl wherein the tetrazole ring is unsubstituted or 
substituted with lower alkyl or haloalkyl, 

-C(0)NH-heterocyclic, and 

•C(0)NH.CH(R 14 ).C(0)NR 17 R 18 wherein R 17 and R18 are independently 
selected from hydrogen and lower alkyl; 




R 3 is Pyidyl, substituted pyridyl, imidazolyl, or susbtituted imidazolyl; 
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R4 is selected from the group consisting of 
hydrogen, 
lower alky I, 
haloalkyl 
halogen, 
aryl, 
a ry laky I, 

heterocyclic, and 
(heterocyclic)alkyl; 

L 1 is absent or is selected from the group consisting of 

(a) -L 4 -N(R 4 )-L 5 - wherein 

L 4 is absent or selected from 
C^to-C^-alkylene and 
C 2 -to-C 1 0 -alkenylene 

wherein the alkylene group or the alkenylene group is unsubstituted 
or substituted with one, two, three or four substitutents 
independently selected from loweralkyl, 
alkenyl, 
hydroxy, 
amino, 

N-protected amino, 

carboxy, 

alkoxycarbonyl, 

oxo, 

thioxo, 

imino, 

=N-OH, 

=N-0-loweralkyl, 
=N-0-aryl, and 
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=N-0-heterocyclic wherein the heterocyclic is unsubstituted 
or substituted with one, two or three substituents 
independently selected from the group consisting of 
loweralkyl, 
halo, 
nitro, 
haloalkyl, 
oxo, 

135 hydroxy, 

hydroxyalkyl, 
amino, 

N-protected amino, 
alkoxy, and 
thioalkoxy, 
R 4 is hydrogen or loweralkyl and 
L 5 is absent or is selected from, 
-CH 2 -, 

-CH 2 CH 2 - and 
-CH(CH 3 )-, 

(b) -L 4 -0-L 5 - wherein L 4 and Lg are defined above, 

(c) -L 4 -S(0) n -L 5 - wherein n is 0, 1 or 2 and U and L 5 are defined above, 

150 

(d) -L 4 -L 6 -C(W)-N(R 5 )-L 5 - wherein L*. L 5 and R 5 are defined above , 

W is O or S, and 
L 6 is absent or is selected from 
-0-. 

155 -S- and 

-N(R 6 )- wherein R 6 is hydrogen or loweralkyl, and 

(e) -L 4 -L 6 -S(0) m -N(R 7 )-L 5 -wherein U, L 5 and U are defined above. 

m is 1 or 2, and 
R 7 is hydrogen or loweralkyl, 

(f) -L 4 -N(R 7 )-C(W)-L 7 -L 5 -wherein W, R 7 . U and L 6 are defined above . and 
L 7 is absent or is selected from-O- and -S- and 



145 



160 
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(g) -L 4 -N(R 7 )-S(0) p -L r L 5 - wherein p is 1 or 2 and U. R7. L 5 and L 7 are 

defined above, 

(h) C 2 -C 4 -alkylene optionally substituted with 1 or 2 hydroxy groups, 

(i) C 2 -to-C 4 -alkenylene, and 
(j) C 2 -to-C 4 -alkynylene. 

A compound or pharmaceutically acceptable salt thereof as defined in claim 1 
wherein R1 is aryl - L 2 - wherein 

L 2 is absent or is selected from -CH 2 - and -O-, and 

aryl is selected from phenyl and naphthyl 

wherein the aryl group is unsubstituted or substituted. 

A compound or pharmaceutically acceptable salt thereof as defined in claim 2 
wherein R1 is substituted or unsubstituted phenyl. 
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A compound or pharmaceutical^ acceptable salt thereof as defined in claim 3 
wherein 

R 2 is selected from the group consisting of 

(a) -C(0)NH-CH(R 14 )-C(0)OR 15 wherein R 14 is selected from 



loweralkyl, 

cycloalkyl, 

cycloalkylalkyl, 

alkoxyalkyl, 

thioalkoxyalkyl, 

hydroxyalkyl, 

aminoalkyl, 

carboxyalkyl, 

alkoxycarbonylalkyl, 

arylalkyl or 

alkylsulfonylalkyl and 

R 15 is hydrogen or a carboxy-protecting group, and 



(b) -C(0)NH.CH(R 14 )-C(0)NHS0 2 Ri6 wherein R 14 is defined above and Ri 



is selected from lower alkyl, 
haloalkyl, 

substituted or unsubstituted aryl, 
substituted or unsubstituted heterocyclic. 



A compound or pharmaceutical^ acceptable salt thereof as defined in claim 3 
wherein R2 is selected from the group consisting of 



(a) 



N^C0 2 R, 5 



O 




SCH 3 



(b) 



O 




C0 2 R 15 



SO2CH3 
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(c) 



Q 



H 

N CONHS0 2 Rie 



SCH 3 



(d) 



o 



N^C0 2 R 15 



Y 

1 , and 



(e) 



H 

v^N^CONHSOzRie 
O 



Y 



6. A compound or pharmaceutical^ acceptable salt thereof as defined by claim 5 
wherein R 3 is pyridyl or pyridyl substituted with 1or 2 substituents independently 
selected from 

lower alkyl, 

halogen, 

haloalkyl, 

hydroxy, 

alkoxy, 

alkoxycarbonyl, 
aryl, and 
arylalkyl. 



A compound or pharmaceutical^ acceptable salt thereof as defined by claim 1 
wherein R3 is imidazolyl or imidazolyl substituted with lower alkyl. 

A method of inhibiting protein isoprenyl transferases in a mammal in need of such 
treatment comprising administering to the mammal a therapeutically effective 
amount of a compound of claim 1 . 



9. 



A composition for inhibiting protein isoprenyl transferases comprising a 
pharmaceutical carrier and a therapeutically effective amount of a compound of 
claim 1. 
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1 0. A method for inhibiting or treating cancer in a mammal, comprising administering 
to the mammal a therapeutically effective amount of a compound of claim 1 alone 
or in combination with another chemotherapeutic agent. 

1 A composition for the treatment of cancer comprising a compound of claim 1 in 
combination with another chemotherapeutic agent and a pharmaceutically 
acceptable carrier. 

2. A method for inhibiting post-translational modification of the oncogenic Ras 
protein by protein famesyltransferase, protein geranylgeranyltransferase or both 
in a mammal comprising administering to the mammal a therapeutically effective 
amount of a compound of claim 1 . 

3. A composition for inhibiting post-translational modification of the oncogenic Ras 
protein by protein famesyltransferase, protein geranylgeranyltransferase or both 
comprising a compound of claim 1 in combination with a pharmaceutically 
acceptable carrier. 

4. A method for treating or preventing restenosis in a mammal, comprising 
administering to the mammal a therapeutically effective amount of a compound of 
claim 1 . 

5. A composition for treating or preventing restenosis in a mammal comprising a 
compound of claim 1 in combination with a pharmaceutically acceptable carrier. 
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